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EDITORIAL 


** PRONE TO ERROR?” 


Every medical student during his undergraduate 
days learns that “prone” means lying with the 
face downwards and that “supine” is the opposite 
of “prone”. Nevertheless we have had two articles 
submitted to us, in which the word “prone” is 
used when the authors in each case meant 
“supine”. Papers submitted to this Journal for 
publication are corrected by at least two suitably 
qualified referees other than the Editor and both 
these articles were so reviewed. Although we had 
detailed criticisms from the four persons con- 
cerned not one of them noticed this mistake. We 
have begun to wonder if in fact it is a mistake. 
Here is the extraordinary position—six well 
qualified medical men have either used the word 
“prone” when they meant “supine” or sanctioned 
its use in this way. Recourse to Murray’s dictionary 





offers an explanation of how this curious mistake 
has originated. The dictionary deals with “prone” 
under eight heads but only two of them concern 
themselves with position. Under (1) prone means 
“bent forward, inclined downwards, having the 
front or ventral part downwards, lying face down- 
wards or on the belly, opposite to ‘supine’ ”. 
Under (2) we find “In inexact or extended sense, 
opposite to erect. Lying flat in a horizontal 
position, prostrate. Permissible of things that have 
not an upper and under side, but improper of men 
and animals. To lie prone is one position of lying 
prostrate.” So as our authors will generally be 
dealing with men or animals we must ask them not 
to use “prone” in the inexact sense for that is 
not “permissible”. 
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GASEOUS EXCHANGE DURING HALOTHANE ANAESTHESIA: 
THE STEADY RESPIRATORY STATE 
BY 
J. F. Nunn* AND R. L. MATTHEWST 
Research Department of Anaesthetics, Royal College of Surgeons of England, and the 
Department of Anaesthetics, Whittington Hospital 


In 1958, Krantz et al. reported that there was a 
fall in oxygen consumption of 47 per cent in 
monkeys anaesthetized with halothane. Later in 
1958, Orton found that he was able to interrupt 
the cerebral blood flow of dogs anaesthetized with 
halothane for periods up to 10 minutes—ap- 
parently with full recovery. The inference from 
this work might be that halothane lowers the 
metabolic rate in a manner comparable with hypo- 
thermia and so offers an alternative method of 
cerebral protection in certain operations on the 
heart and brain. Recently, however, Orton (per- 
sonal communic*tion) has reached the conclusion 
that, if all possible extraneous factors are removed, 
the cerebral survival rate following cardiac inflow 
occlusion is no better with deep halothane anaes- 
thesia than with nitrous oxide. 

Clearly the hypothesis that halothane lowers the 
metabolic rate is of considerable practical im- 
portance if true and yet potentially dangerous if 
untrue. Therefore we felt that it would be valu- 
able to measure the oxygen consumption of 
human patients during routine halothane anaes- 
thesia for surgical operations. This paper presents 
our findings, together with certain observations 
on the carbon dioxide output, the respiratory 
exchange ratio and the attainment of the steady 
respiratory state. 


METHODS 


Patients and anaesthesia. 

Table I gives details of the twelve patients who 
were studied. None showed clinical evidence of 
cardiac or respiratory disease or of any condition 





* Work performed during the tenure of a Leverhulme 
Research Fellowship. 

+Work performed during the tenure of a McLaughlin 
Fellowship. 
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which might influence the metabolic rate. Seven 
anaesthetists took part in the study. They were 
responsible for premedication (table I) and for 
the conduct of the anaesthetic, but they were in 
no way concerned with mensuration. 

Induction of anaesthesia was with thiopentone 
(400-600 mg). and all patients were intubated 
with a cuffed endotracheal tube after injection of 
suxamethonium (40-100 mg). The patients then 
inhaled halothane from a Fluotec vaporizer at a 
concentration adequate to maintain the required 
depth of anaesthesia. For the first two patients the 
carrier gas was air, but as there was some evidence 
of oxygen desaturation during spontaneous res- 
piration, 30 per cent oxygen in nitrogen was used 
for the rest of the study. 

During anaesthesia the blood pressure of most 
patients fell—particularly during artificial venti- 
lation. It was arbitrarily decided that, when the 
systolic pressure fell below 85 mm Hg, the halo- 
thane concentration should be reduced and 
anaesthesia supplemented with small doses of 
pethidine or a relaxant. The inhaled concentra- 
tion of halothane varied between 1 and 2 per cent. 

Spontaneous respiration was permitted for 
seven patients. A non-rebreathing gas circuit was 
used (fig. 1) incorporating a continuous flow 
spirometer (Nunn, 1956) for the measurement of 
minute volume. The remaining five patients were 
ventilated artificially with a Starling ideal pump, 
set for a frequency of 16 breaths per minute and 
the maximum stroke volume of 500 ml. Halothane 
was added to the carrier gas with a Fluotec 
vaporizer after it had left the cylinder of the pump. 
A pair of unidirectional valves was mounted near 
the endotracheal tube to prevent expired gas 
diffusing into the inspiratory limb of the circuit. 

Oxygen consumption and carbon dioxide out- 
put were measured by the Douglas bag technique. 
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TABLE I 


Details of patients studied. 












































Age Weight Body Surface 
Patient (yrs.) Sex (kg) area (sq.m) Operation Premedication (mg) 
Spontaneous respiration ; 
M.O'B. 7 F 64 1.69 Colporrhaphy Morphine 15 
Atropine 0.6 
EN. 67 F 63 1.62 Colporrhaphy Papaveretum 20 
Hyoscine 0.4 
WHS. 63 M 64 1.77 Herniorrhaphy Pethidine 100 
Atropine 0.6 
LP. 47 F 64 1.72 Herniorrhaphy Pethidine 100 
Hyoscine 0.6 
1W.V. 23 M 86 2.02 Transplant of Papaveretum 20 
patella ligament Hyoscine 0.4 
GS. 52 F 66 1.67 Removal of Papaveretum 20 
tubo-ovarian Hyoscine 0.4 
mass 
HS. 45 F 55 1.58 Hysterectomy Papaveretum 20 
Hyoscine 0.4 
Artificial ventilation 
FB. 40 82 1.98 Herniorraphy Pethidine 100 
Promethazine 50 
EB. 25 F 65 1.76 Examination Papaveretum 20 
under Hyoscine 0.4 
anaesthesia 
JS. 29 F 50 1.50 Ventri- Papaveretum 20 
suspension Hyoscine 0.4 
GK. 49 63 1.63 Wertheim’s Papaveretum 20 
hysterectomy Hyoscine 0.4 
7. 24 F 46 1.42 Repair of Papaveretum 20 
incisional Hyoscine 0.4 
hernia 
FRESH GAS—> 
SUPPLY ry 
<> PATIENT 
< 
a SUC TION 
SPIROME TER BOX— BAG 
Fic. 1 


The nonrebreathing gas circuit used during spontaneous respiration. The 
minute volume was measured directly by continuous flow spirometry. (Re- 


The effluent gas from the circuit was collected 
for periods of 4 or 5 minutes. The collected gas 
was then measured and analyzed. By comparison 
with the composition of the inspired gas, the 


produced by permission of the editor of Anaesthesia.) 


oxygen consumption and carbon dioxide output 
were deduced. Corrections were made for the 
difference between the volume of the inspired and 
expired gas which resulted from the uptake of 
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halothane and the respiratory exchange ratio 
(RQ) differing from unity. 

The body temperatures of the patients were 
measured in the nasopharynx with a mercury-in- 
glass thermometer. Body surface area was com- 
puted from height and weight by reference to 
the nomogram of DuBois (1927). The oxygen 
uptake and carbon dioxide output are presented 
as ml/min (STPD) and as percentages of the 
basal values predicted from the calorific data of 
Aub and DuBois (1917) and Boothby and Sandi- 
ford (1924). These values, shown in table II, have 
been calculated assuming a respiratory exchange 
ratio of 0.82 (DuBois, 1927; Harris and Benedict, 
1919) and that 4.83 calories is the equivalent of 
1 litre of oxygen. 


TABLE I] 
Basal values for oxygen consumption and carbon 
dioxide output (ml/min/sq. metre body area—STPD), 
Calorific data is obtained from Aub and DuBois (1917) 
and Boothby and Sandiford (1924). The respiratory 
exchange ratio is taken to be 0.82 and the calorific 
equivalent of one litre of oxygen to be 4.83 calories. 











Male Female 

Age Oxygen co Oxygen co. 
(years) consumption output consumption output 
14—16 159 130 148 122 
16—18 148 122 138 113 
18—20 141 116 131 108 
20—30 136 112 128 105 
30-40 136 112 126 103 
40—50 133 109 124 102 
50—60 130 106 121 99 
60—70 126 103 117 96 
70—-80 122 100 114 93 





Measurement of gas volumes. 
In all cases the gas collected in the Douglas bag 
was passed through a calibrated dry gas meter, The 
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volume was corrected to STPD for the measurement 
of gas exchange, but minute volume is reported at 
BTPS. 

During spontaneous respiration, the collected gas 
consisted of expired gas together with any surplus 
fresh gas which might have vented across the upi- 
directional valves during the latter part of expiration 
(fig. 1). Therefore the collected gas did not necessarily 
indicate the minute volume. Dilution with inspired 
gas could not, however, influence the determination 
of the gaseous exchange. The minute volume was 
measured separately from the trace recorded by the 
continuous flow spirometer. : 

During artificial ventilation, the gas collected from 
the expiratory valve of the Starling Ideal pump con- 
sisted of expired gas and the gas which distended the 
corrugated tubing at the end of expiration, Again, 
dilution with inspired gas did not influence the deter. 
mination of the gaseous exchange, but to calculate 
the minute volume it was necessary to subtract the 
volume of gas which had merely distended the con- 
necting tubing. This was determined by noting the 
end-inspiratory airway pressure and interpolating in 
a pressure/volume plot of the relevant parts of the 
circuit. The correction was of the order of 800 ml/min 
(BTPS). The minute volume tended to be reasonably 
constant throughout the study and was within the 
range 7.4 to 7.8 litres/min (BTPS). 


Gas analysis. 

Inspired gas was repeatedly analyzed, before the 
addition of halothane, by the method of Scholander 
(1947). The amount of halothane added by the 
vaporizer was assumed to correspond with the setting 
of the Fluotec dial, This appeared to be justified by 
the reports on the limits of accuracy of the Fluotec 
calibration by MacKay and Kalow (1958) and Hill 
(1958). 

The gas collected in the Douglas bag was also 
analyzed by the method of Scholander. It was found 
that a concentration of 3 per cent halothane introduced 
no appreciable error into the analysis (table III). The 
concentration of halothane in the expired gas was 
assumed to be 80 per cent of the concentration in 
the inspired gas. Newman (1958 and personal com- 
munication) found the figure of 80 per cent to be 
fairly constant and little influenced by time. This is 
probably due to the enormous capacity of the fat 
depots to take up halothane, which prevents satura- 
tion being approached in an operation of the usual 
duration. 








TaBLe III 
Analysis of CO, in the presence of halothane by Scholander’s method. 
Mean CO, ° % error 
Nominal ; corrected introduced 
composition Scholander analysis Scholander analysis for by 
of gas (%) after addition of 3% halothane dilution halothane 
3% CO, in 3.16 3.09 P 
oxygen 3.13 mean 3.14 3.06 mean 3.07 3.16 + 0.02 
3.12 3.06 
5% CO, in 4.9] 4.80 
oxygen 4.91 mean 4.91 4.84 mean 4.81 4.95 + 0.04 


4.80 
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Calculation of results. 

It was assumed that the patients were all in equili- 
brium with regard to nitrogen. The inspired volume 
was calculated from the measured expired volume in 
the usual way. Correction was also made for the 
presence of halothane in the expired samples and the 
absence of halothane in the inspired gas when sampled 
for analysis. 

The oxygen uptake was calculated from: 

Inspired volume x oxygen concentration - 
volume oxygen concentration. 

The carbon dioxide output was calculated from: 

Expired volume x carbon dioxide concentration. 

(When air was inhaled, carbon dioxide was removed 
from the inspired gas with soda lime. The mixtures 
of 30 per cent oxygen subsequently used were not 
found to contain any appreciable concentration of 
carbon dioxide.) 


expired 


Errors. 

It is unfortunate that there is no simple method 
of determining the error in the analysis of gases by 
Scholander’s method. In fact the method itself is the 
usual reference technique in the respiratory labora- 
tory. In our own case blank analysis with nitrogen 
and comparison with the method of Haldane (1920) 
vields no evidence of any systematic error. Duplicate 
analysis on the same sample generally agree within 
0,03 per cent of the sampled volume. 

The measurement of gas volume with a dry gas 
meter is accurate to better than 1 per cent provided 
that: 

(l)a volume of more 

measured; 

(2)the flow rate of gas through the meter is close 
to the flow rate at which the meter was cali- 
brated; 

(3) the volume measured is an exact multiple of the 
volume required for one cycle of the mechanism 
of the meter (24 litres). 


than about 20 litres is 
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There was no difficulty in satisfying the first two 
conditions, but error was possible from the third cause 
and the maximum possible error was found to be 
+ 250 ml. In addition, the emptying of a Douglas bag 
is usually not repeatable within a volume of less than 
200 ml. Thus in the measurement of a volume of 
20 litres there was a possible error of the order of 
2 per cent. 

Errors in the assessment of the halothane concen- 
tration would have a small effect on the calculation 
of the inspired volume from the measured expired 
volume. This would influence the calculation of the 
oxygen uptake but not the carbon dioxide output. 
It is unlikely that this source of error would alter 
the conversion factor by more than 1 per cent. 


RESULTS 
Oxygen consumption. 


The grand mean for the oxygen consumption 
was 83 per cent of basal (S.D.=8.9). The patients 
studied during spontaneous respiration showed 
a mean oxygen consumption of 86 per cent of 
basal (S.D.= 10) (table IV and fig 2). The patients 
who were ventilated artificially showed a mean 
oxygen consumption of 78 per cent of basal 
(SD=2.3). The standard error of the difference 
between the two means is 3.8 and, at the accepted 
levels of confidence, it is unlikely that the differ- 
ence is due to chance. It is notable that the scatter 
of results is much wider during spontaneous res- 
piration than during artificial ventilation. 
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Fic. 2 
Histogram of oxygen uptake and carbon dioxide output during halothane anaesthesia. 








TABLE [V 
Oxygen consumption, carbon dioxide output and respiratory exchange ratio. 
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Spontaneous respiration 
M.O'B. 25 1.5 133 70 70 93 60 60 70 
E.N. 26 2.0 37.0 164 86 86 115 74 74 70 
W.H.S. 26 2.0 36.2 209 93 93 132 72 72 63 
I.P. 32 2.0 36.0 161 77 77 109 63 63 68 
J.W.V. 43 2.0 36.7 260 95 95 220 7 97 85 
G.S. 19 2.0 37.1 202 99 99 136 81 81 67 
H.S. 25 .o 35.2 156 80 123 76 79 
41 2.0 162 83 82 97 60 68 59 
Mean 181 86 128 74 70 
S.D. 10 12.5 08 
S.E. of mean 3.8 4.8 03 
Artificial ventilation 
F.B. 23 2.0 36.2 206 77 179 81 .87 
43 2.0 206 77 171 78 83 
63 2.0 212 79 78 170 77 79 80 
E.B. 26 1.0 36.3 180 80 80 168 9] 91 93 
JS. 23 1.0 36.8 144 76 76 150 96 96 1.04 
G.K. 25 1.0 36.0 148 74 145 88 98 
47 1.0 156 78 132 80 85 
79 1.0 148 74 129 78 87 
108 1.5 147 73 75 130 79 81 88 
J.T. 20 1.5 36.2 146 80 142 95 97 
*42 5 234 129 80 151 101 95 65 
Mean 169 78 152 88 90 
S.D. 2.3 7.9 08 
S.E. of mean 1.0 3.4 03 





of the means. 


During spontaneous respiration, the minute 
volume often fluctuated markedly (fig. 3) and the 
body temperature varied more during artificial 
respiration (fig. 4). Body temperature would not 
appear to be a factor contributing to the difference 
in oxygen consumption between the two groups 
of patients. However, within the group of patients 
breathing spontaneously there would appear to be 
some correlation between body temperature and 
oxygen consumption although this is not signi- 
ficant at the normal levels of confidence. 


* J.T. was straining during the collection of this sample and the results have not been used in the calculation 


All the patients were maintained, so far as pos- 
sible, at the same depth of anaesthesia. No corte- 
lation can be shown between the inhaled concet- 
tration of halothane and the oxygen consumption. 

Two patients require special mention. Patient 
M.O’B. showed a particular low oxygen consump 
tion (70 per cent of basal) which might have been 
associated with her rather heavy premedication— 
an effect which has been noticed by Orton 
(personal communication). It is unfortunate that 
no record of her body temperature was made. 
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Fluctuations in the minute volume of the patients who were breathing spontaneously. The 
heavy sections of the curves indicate the periods of collection of expired gas. 
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The relationship between body temperature and oxy- 
gen consumption of certain of the patients in the 
study. 


During the collection of the second sample from 
Patient J.T., the patient attained a very light plane 





of anaesthesia and made violent attempts to cough. 
The oxygen consumption during this episode was 
found to be 129 per cent of basal, and the results 
were excluded from the calculation of the mean 
values as the patient could not be regarded as 
anaesthetized. It should be added that this 
collection of gas was made after the completion 
of the operation. 


Carbon dioxide output. 

During spontaneous respiration the mean car- 
bon dioxide output was 74 per cent of basal 
(S.D.=12.5) while during artificial ventilation 
the corresponding figure was 88 per cent 
(S.D.=7.9) (table IV and fig. 2). The output was 
thus markedly higher during artificial ventilation 
when the oxygen uptake was significantly lower. 
It would therefore appear that the values for the 
carbon dioxide output reflected the imbalance 
between the blood and the body carbon dioxide 
stores, rather than the metabolic production of 
the gas. 

During spontaneous respiration, the irregularity 
of the breathing and the hypoventilation (fig. 3) 
combined to affect the carbon dioxide output in 
a manner which it would be exceedingly difficult 
to quantify. In certain cases there was a continual 
change in the level of the minute volume so that 
the patients probably never reached equilibrium 
with the carbon dioxide stores. However, patient 
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J. W. V. maintained a fairly constant and adequate 
minute volume for 40 minutes, and it might be 
expected that he was in a reasonably steady state 
at the time of collection of the gas sample. In fact 
his carbon dioxide output was found to be 97 per 
cent of basal compared with an oxygen uptake of 
95 per cent of basal. 

During artificial ventilation, minute volumes 
were maintained reasonably constant as shown by 
the figures for patient G.K. (table V). 

A number of samples were collected from 
patients F.B. and G.K. and these show a tendency 
for the carbon dioxide output to be high initially 
and then to fall to a steady level after some 50 
minutes (fig. 5). It appears that both patients 
were overventilated and therefore in respiratory 
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alkalosis. In due course the carbon dioxide output 
of these patients settled at a level of the order 
of 79 per cent of basal—a figure which is again 
comparable with the oxygen uptake. 


TABLE V 


Minute volumes of patient G. K. 





Time from commencement 


of artificial ventilation Minute volume 





(minutes) (litres/min (BTPS) 
25 7.60 
47 7.66 
79 7.67 
108 7.70 
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The changes, with respect to time, of respiratory exchange ratio, carbon dioxide output and 
oxygen uptake of two of the patients who were ventilated artificially. 
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The respiratory exchange ratio. 

The respiratory exchange ratios tended to re- 
fect the imbalance of the carbon dioxide stores. 
Thus, during spontaneous respiration, the mean 
value was low (0.70) indicating that most of 
these patients were underventilating and not in 
equilibrium. Patient J. W.V., however, had a 
ratio of 0.85 which is within the normal range 
reflecting his uniform and adequate ventilation 
prior to collection of the sample. 

During artificial ventilation, the mean respira- 
tory exchange ratio was high (0.90) indicating 
overventilation without equilibrium. The patients 
F.B. and G. K. showed a fall in the ratio as 
equilibrium was approached until finally their 
respiratory exchange ratios lay within the normal 
range. 

In this study the effect of the unsteady state 
was overwhelming in the determination of the 
expired gas respiratory exchange ratio. However, 
in the few instances where a reasonably steady 
state was achieved, the mean value for the ratio 
was 0.85—a value close to that of the normal 
conscious subject. 


DISCUSSION 


Oxygen consumption. 

As early as 1851, John Snow measured the 
carbon dioxide output during anaesthesia but no 
corresponding attempts to measure the oxygen 
uptake were made until one hundred years later. 
In 1951, Shackman, Graber and Redwood investi- 
gated patients anaesthetized with thiopentone, 
nitrous oxide and cyclopropane. They reported a 
mean oxygen consumption of 85 per cent of basal 
and remarked that this corresponded closely with 
the figure of 87 per cent found during sleep by 
Benedict (1915). Furnass (personal communica- 
tion) has recently found oxygen consumptions of 
the order of 80 per cent of basal during deep sleep 
at 2-3 am. Campbell, Nunn and Peckett (1958) 
studied six patients anaesthetized with thiopen- 
tone and paralyzed with curare. They found a 
mean depression of oxygen consumption to 88 per 
cent of basal. 

The figures all lie within the 95 per cent con- 
fidence limits of the mean oxygen consumption 
of the present study (78-88 per cent). It would 

ore appear that, in its effect on metabolism, 
halothane does not differ significantly from anaes- 
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thesia induced by other agents, or indeed from 
sleep. Recently Severinghaus and Cullen (1958) 
have also studied the oxygen consumption during 
halothane anaesthesia and their results are in good 
general agreement with the present study. 

There is thus no evidence to suggest that halo- 
thane results in a depression of the metabolism 
which is sufficient to protect the brain from inter- 
ruption of its blood supply—as is the case during 
hypothermia. It is conceivable that halothane may 
have other effects, not at present understood, 
which may protect the brain from hypoxia with- 
out any apparent associated effect upon the 
metabolic rate. This is, however, a matter for 
speculation and in the meantime it would appear 
wise to take the customary precautions to ensure 
adequate cerebral gaseous exchange during halo- 
thane anaesthesia. 


The steady respiratory state. 


The values for carbon dioxide output and the 
respiratory exchange ratio reported in this paper 
indicate that many of the measurements were 
made while the patients were not in a steady res- 
piratory state with regard to these parameters. In 
general the patients breathing spontaneously were 
underventilating while the patients who were ven- - 
tilated artificially were overventilated. This ten- 
dency has also been observed during anaesthesia 
with thiopentone, nitrous oxide, pethidine and 
relaxants (Nunn, 1958). It is also apparent that a 
considerable period of uniform ventilation was 
required before the carbon dioxide output and the 
respiratory exchange ratio became constant. This 
time was considerably longer than the 20-25 
minutes customarily allowed for stabilization of 
the arterial carbon dioxide tension following the 
assumption of a new minute volume. There was 
no evidence that the oxygen consumption showed 
any dependence upon time. 

It is of interest to examine some of the factors 
affecting the time which must elapse before the 
various respiratory quantities become constant 
after a step change in ventilation. It is generally 
assumed that the factors under consideration— 
the arterial gas tensions, the oxygen uptake, the 
carbon dioxide output and the respiratory ex- 
change ratio—all approach their new levels ex- 
ponentially. On changing the minute volume, the 
arterial (or alveolar) gas tensions depart from their 
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original values and approach the new levels 
exponentially. The last three parameters, on the 
other hand, are initially displaced by a step change 
in ventilation and then return exponentially to 
their original values which are determined by the 
metabolic processes of the subject. For practical 
purposes, a steady state is reached when we can 
detect no further change in the parameter in 
question, and the time required to reach such a 
state depends upon two factors. 

The first factor influencing the time required to 
reach equilibrium is the time constant of the 
function. This depends largely on the storage 
capacity of the body for the substance whose level 
is changing. Thus in the case of oxygen, equili- 
brium is reached quickly as there is only limited 
storage of oxygen in the body. In the case of 
carbon dioxide, on the other hand, the attainment 
of a steady state is delayed by the very large stores 
which exist in the body. For this reason oxygen 
levels will become stabilized some eight times 
faster than carbon dioxide (Fahri and Rahn, 1955). 

The second factor influencing the apparent 
attainment of a steady state is the practical matter 
of the measurement of the changing levels. Our 
ability to discern a change in a parameter depends 
upon the magnitude of the change and the sensi- 
tivity of the method of measurement. Thus, after 
small changes, a steady state appears to be reached 
sooner because the measuring devices are less able 
to discern smaller changes. Similarly, if we have 
only a crude, insensitive, measuring stick, equili- 
brium @ppears to be attained more quickly simply 
because the changes cannot be detected. It must be 
stressed that these factors do not influence the 
true time required for the attainment of equili- 
brium, but only the apparent time through the 
eyes of the observer. 

Fahri and Rahn (1955) have arrived at the 
following equation to indicate the changes in 
alveolar carbon dioxide tension following a step 
change in ventilation: 


Pco,,=Pco., + (Pco.,;—Pco.,) 0.5'/4 
Where Pco., is the Pco. at time t 


Pco., is the final Pco,, after equilibrium is 
attained. 


Pco.,; is the initial Pco, 


t is the time in minutes. 
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Substitution in this equation for a change of 
Pco, from 40 to 20 mm Hg indicates the follow. 
time relations: 








Time (minutes) Pco, (mm Hg) 
0 40.0 
4 30.0 
10 23.2 
20 20.6 
25 20.3 
xX 20.0 





Thus, for practical purposes, equilibrium of 
the alveolar (or arterial) Pco, is attained in less 
than 20 minutes—0.6 mm Hg being beyond the 
usual sensitivity of the available methods of 
measurement of Pco,. Figure 6 shows the changes 
in end-tidal Pco, following step changes in the 
artificial ventilation of unconscious human sub- 
jects. It will be seen that the results obtained in 
practice closely follow the changes predicted 
from the equation of Fahri and Rahn, and there 
would appear to be little doubt that changes 
could not be detected with any certainty after 20 
minutes. 

This contrasts with the finding in the present 
study that equilibrium of CO, output may not be 
reached until 50 minutes. It would appear reason- 
able to assume that the time constants for the 
change in Pco. and the change in CO. output are 
the same and it is likely that the differences in the 
time to the apparent attainment of equilibrium 
are due to differences in the relative sensitivity of 
the analytical methods. 

As,an example, the situation may be considered 
between the 20th and 25th minutes after a step 
change in ventilation sufficient to reduce the Poo, 
from 40 to 20 mm Hg. It has been shown above 
that, over these 5 minutes, the Pco, may be 
expected to fall by 0.3 mm Hg. A change of this 
order is only one-seventh of the confidence limits 
of the available methods for the measurement of 
Pco. and normally it would not be possible to de- 
tect such a small change. Therefore, for practical 
purposes, a steady state for Pco: has been achieved. 
However, when the CO, output is considered the 
situation is different. From the data of Fahri and 
Rahn it may be assumed that a fall of Pco: by! 
mm Hg should release about 120 ml of CO, from 
the body stores (probably excluding the bone 
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Comparison of observed changes of the end-tidal carbon dioxide tension in man, with the 
curve predicted by Fahri and Rahn (1955) from their work on dogs. The solid symbols repre- 
sent two series of observations on one unconscious apnoeic patient suffering from a head 
injury in whom the carbon dioxide tension was rising. The open symbols represent observations 
made on five anaesthetized patients in whom the carbon dioxide tension was falling. All cases 
were ventilated artificially and the changes resulted from step changes of the minute volume. 


stores which exchange only slowly). Therefore 
between the 20th and 25th minutes it may be 
expected that the expired gas will contain 36 ml 
of CO, from the body stores, in addition to the 
700 ml produced by the metabolic processes 
(table IV). 

Now there should be no difficulty with the 
Scholander technique, in detecting a change of 
36 ml in 700 ml. Therefore the CO, output is 
demonstrably not in equilibrium by the 25th 
minute, although by that time the patient is in 
apparent equilibrium for Pco.. 

It may be asked why it is important to know 
that a steady state has been reached for the various 
respiratory parameters. The metabolic gaseous 
exchange can be measured only by observation 
of the external gaseous exchange and these two 
quantities will be the same only when the stores 
concerned are in equilibrium. 

The body oxygen stores are small and rapidly 
teach a steady state. Therefore the measured 
oxygen uptake soon corresponds to the metabolic 
consumption and for this reason oxygen uptake 
is the most satisfactory measure of metabolic 
activity. The body carbon dioxide stores, on the 
other hand, are large and require a considerable 
period of uniform ventilation before they reach 





equilibrium. Only in final equilibrium will the 
measured carbon dioxide uptake equal the meta- 
bolic production of the gas and caution must 
therefore be exercised in deducing the metabolic 
activity from measurements of the carbon dioxide 
output. Similar considerations apply to the res- 
piratory exchange ratio. 

It is, however, true that Bohr’s equation is con- 
cerned with the output of carbon dioxide and not 
its metabolic production. This applies to the fol- 
lowing useful form of the equation: 


CO, output x 100 
Alveolar CO, % = 





Alveolar ventilation. 


Furthermore in such applications of Bohr’s 
equation as the measurement of the physiological 
deadspace, it is not necessary to achieve equili- 
brium with the body stores. It is merely necessary 
to collect arterial blood and expired gas simul- 
taneously at a time when their compositions are 
changing but little and in an approximately linear 
fashion with regard to time. 

It is not without interest to observe that, in 
those patients who approached a steady state, 
the respiratory exchange ratio lay close to the 
value found in the resting fasting conscious sub- 
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ject. Knowledge of the respiratory exchange ratio 
is required for a theoretical approach to certain 
respiratory problems during anaesthesia—in parti- 
cular the solution of the alveolar air equation for 
the determination of the effective alveolar oxygen 
tension. 


SUMMARY 


Using the Douglas bag technique, the oxygen 
uptake, carbon dioxide output and respiratory 
exchange ratio have been measured in 12 patients 
under halothane anaesthesia. 

The mean oxygen consumption was depressed 
te 83 per cent of the basal value—a level which 
is comparable with other methods of anaesthesia 
and with natural sleep. There is thus no indication 
that halothane specifically causes a reduction of 
metabolic rate sufficient to protect the brain from 
interruption of its blood supply as in hypothermia. 

The oxygen consumption was significantly 
higher in the patients who were breathing spon- 
taneously, compared with the patients who were 
ventilated artificially. 

Measurement of the carbon dioxide output and 
the respiratory exchange ratio showed that a period 
of at least 50 minutes of uniform ventilation was 
required to reach a steady state with regard to 
these parameters. In the few cases in which 
equilibrium was achieved, the reduction of carbon 
dioxide output appeared comparable with the 
reduction of oxygen uptake. The respiratory ex- 
change ratios were of the order of 0.85. 
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THE EFFECT OF REPEATED DOSES OF SUXAMETHONIUM 
IN MAN 


BY 
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Department of Anaesthesia, Postgraduate Medical School, Ducane Road, London 


AND 


MarTIN H:sSon HOLMDAHL 
Akademiska Sjukhuset, Uppsala, Sweden 


Ir has been shown that when cats given intra- 
yenous suxamethonium are exposed to varying 
concentrations of carbon dioxide the neuromus- 
cular blocking action of suxamethonium is 
antagonized (Payne, 1958). Clinical experience 
suggested that a similar type of response might 
occur in man and it was planned to investigate 
this possibility. The matter was complicated, 
however, by the need to confirm the claim by 
Thesleff (1952) that tachyphylaxis in response to 
repeated doses of suxamethonium does not occur 
in man, particularly as Stenberg and Orndahl 
(1957) have claimed that tachyphylaxis is not 
uncommon in these circumstances. Further, a 
preliminary report by Hougs, Poulsen and Sonne 
(1952) suggested that tachyphylaxis might occur 
in unanaesthetized adult subjects when given 
suxamethonium by continuous intravenous infu- 
sion, an observation which was later confirmed 
(Poulsen and Hougs, 1958). 

The investigations to be described here were 
therefore designed to measure quantitatively the 
neuromuscular blocking activity of suxametho- 
nium during anaesthesia not only when given in 
equal doses at regular intervals but also when a 
continuous infusion of the drug was employed at 
a fixed rate. 


METHOD 


The observations were carried out on healthy 
adult patients who were undergoing hernior- 
thaphy or interval appendicectomy. The nature of 
the investigation was explained to each patient 
and consent obtained in each case. 

Anaesthesia was induced with thiopentone 
300-500 mg) followed by a small dose of suxa- 
methonium to facilitate intubation. Whenever 
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possible this dose was limited to 10-20 mg, 
though on occasion it had to be exceeded. After 
intubation anaesthesia was continued with nitrous 
oxide and oxygen supplemented by a trace of 
trichloroethylene. Thereafter the patient was 
placed on the operating table and the left arm 
extended laterally on a specially constructed 
plastic support. The left hand was clamped firmly 
so that flexion of the two ulnar fingers was the 
only movement possible. A rigid metal lever was 
fixed to these fingers and connected through a 
pivot to a flat steel spring myograph recording 
on a rotating drum. Because of the difficulty of 
using smoked paper in the operating theatre a 
method of ink recording was substituted. The pen 
used was of the type normally employed in 
routine electroericephalography. 

A stimulating electrode was placed on the skin 
over the left ulnar nerve immediately posterior 
and lateral to the medial epicondyle. The indif- 
ferent electrode was placed on the forearm. The 
stimulus was a square wave pulse of 0.5 m.sec 
duration. The voltage required ranged from 70 
to 100 volts. 

A Gordh needle was placed in a suitable 
superficial vein on the right forearm for con- 
venience in giving repeated intravenous injec- 
tions. To permit greater accuracy the standard 
suxamethonium solution was diluted with normal 
saline to a strength of 10 mg/ml. 

A period of 30 minutes was allowed to elapse 
between the induction of anaesthesia and the 
start of the experiment. Supramaximal shocks 
were then begun and applied at 10-second inter- 
vals to the ulnar nerve throughout the operation, 
and the resultant twitches recorded as described. 
As soon as a Satisfactory tracing of the normal 
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muscle response to ulnar stimulation had been 
obtained the first injection of suxamethonium 
was given intravenously and repeated at regular 
intervals. The dose employed was fixed arbitra- 
rily at 10 mg. This procedure was followed in a 
group of twenty patients; in three others a slow 
infusion pump was used to give suxamethonium 
continuously at a constant rate. 

The results that followed were obtained by 
measuring the reduction in the size of the muscle 
twitch after the intravenous injection of suxa- 
methonium. The time interval from the onset of 
muscle weakness until full recovery was also 
measured, but this method proved relatively 
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insensitive and, although showing the same trend 
as the direct method, was not sufficiently accurate 
to be used independently. 


RESULTS 


The first observation shown in the tracings re. 
produced is the absence of initial stimulation fol. 
lowing the injection of suxamethonium. This was 
a consistent finding; at no time was the twitch 
enhanced before depression ensued and is jp 
contrast with the transient but marked increase 
in the size of the muscle twitch which is wel 
known to occur in cats after an injection of this 
drug. In most patients the effect of suxametho- 
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Finger flexion response to ulnar stimulation in anaesthetized man. The 

depression of the twitch size is a measure of the degree of neuromuscular 

block which is shown to be reduced with each successive dose of intra- 

venous suxamethonium (10 mg) until the effect is lost, when the dose of 

suxamethonium is doubled some degree of neuromuscular block is re- 

established but is not sustained — Sa doses. Time interval 30 
seconds, 





100 4 


25 


Degree of neuromuscular block 


Illustrat 
sive do 
develop 
the furt 
of suxa 
develop 





HESIA 


ne trend 
accurate 


ings re- 
tion fol- 
This was 
e twitch 
d is in 
increase 
is well 
1 of this 
ametho- 








THE EFFECT OF REPEATED DOSES OF SUXAMETHONIUM IN MAN 


nium was gradually diminished when a given 
dose was repeated at regular intervals, but in a 
few there was no significant change in the res- 
ponse. 

Of the twenty patients tested by successive 
doses of suxamethonium three developed resis- 
tance to neuromuscular block greater than 50 
per cent as judged by the reduced depression of 
the muscle twitch height. This finding is well 
illustrated in figure 1, which shows the gradual 
development of complete resistance to a fixed 
dose of suxamethonium over a period of 1 hour. 
In this patient it was still possible to produce 
further block by doubling the dose of suxame- 
thonium but even this dose was insufficient to 
achieve the degree of block originally obtained. 

The time response relationships involved in 
this group of three patients are set out graphic- 
ally in figure 2, consideration of which suggests 
that had it been possible to continue the injec- 


The degree of neuromuscular block obtained in 
3 patients by successive doses of 1O mg. Suxamethonium 
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Illustrates the time response relationship to succes- 
sive doses of suxamethonium in three patients who 
developed marked resistance. The broken line shows 
the further development of resistance when the dose 
of suxamethonium was doubled in one patient who 
developed complete resistance to 10 mg of the drug. 
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patients shows a more gradual development of resis- 
tance with a tendency to reach a steady state. 


tions, complete resistance might have been 
reached in all three. 

The largest group contained eleven patients in 
whom resistance to the neuromuscular blocking 
action of suxamethonium was increased by more 
than 10 per cent but less than 50 per cent. In 
this group resistance developed slowly and 
figure 3 shows that in most patients a steady 
state was ultimately reached without the develop- 
ment of complete resistance. A typical example 
is illustrated in figure 4. A number of patients 
in this group do not follow the general trend and 
it is possible that had the study been continued 
such patients might have qualified for Group 1. 

There was no substantial change in response in 
the remaining six patients and it is evident from 
figure 5 that the response of this group is quite 
different from that shown in figures 2 and 3. 
Figure 6 shows this lack of change in a series of 
four successive injections in a patient from this 
group. 

Figure 7 is typical of the response obtained 
when a continuous infusion of suxamethonium 
was employed. After a short period during which 
there was no fluctuation in the size of the depres- 
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Fic. 4 
Finger flexion response to ulnar nerve stimulation in anaesthetized man. The 
gradual development of resistance to suxamethonium is shown. It is obvious that 
in this patient the maximum resistance was achieved early, thereafter there was 
no change in response. Time interval 30 seconds. 


sed muscle twitch there was a gradual develop- 
ment of resistance and the twitch size increased. 
Although complete recovery was not obtained in 
any of the three patients tested all showed some 
degree of resistance. 

In the complete series twenty-three patients 
were studied and of these seventeen (73.9 per 
cent) demonstrated decreasing sensitivity to 
suxamethonium under the conditions described. 
These results closely correspond to those obtained 
by Poulsen and Hougs (1958) who reported the 
development of tachyphylaxis in eleven (73.3 per 
cent) of fifteen subjects studied. 


DISCUSSION 

It is evident from the results presented that suxa- 
methonium has a progressively diminishing effect 
in most patients when given repeatedly at short 
intervals. The fact that certain drugs become less 
effective in such circumstances is well known 
but there is considerably less knowledge about 
the mechanisms involved. The term tachyphy- 
laxis has been applied to this phenomenon and 
any consideration of the problem demands a 
examination of three factors: the chemical struc 
ture of the drug concerned, its mode of action, 
and the process of inactivation. 
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The degree of neuromuscular block 
obtained in 6 patients by successive 
doses of Omg. Suxamethonium given 
at regular intervals. 
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Shows the relatively constant res- 


ponse to intravenous suxamethonium 
obtained in a group of six patients. 
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The first indication that specific changes in 
chemical structure could be related to the de- 
velopment of tachyphylaxis was derived from the 
study of adrenergic amines by Barger and Dale 
(1910). It was shown by them that in some in- 
stances as the structure of the amine became 
increasingly remote from adrenaline the drug 
became less effective on repeated dosage. 

Another aspect of the chemical structure 
relationship became apparent with the work of 
Thesleff and his colleagues. Thesleff (1955) 
demonstrated that when the motor end-plate 
in the isolated frog rectus preparation was 
exposed to any one of the closely related sub- 
stances, acetylcholine, decamethonium or suxa- 
methonium for prolonged periods it became 
resistant to the effects of that drug. This study 
was carried a stage further by Katz and 
Thesleff (1957) who confirmed these earlier 
findings and showed that the increased re- 
sistance is due to a temporary desensitization of 
the motor end-plate which gradually recovers 
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Finger flexion response to ulnar nerve stimulation in anaesthetized man. In this patient a 
constant response was obtained to each intravenous injection of 10 mg suxamethonium. Time 


interval 30 seconds. 
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Fic. 7 
Finger flexion response to ulnar nerve stimulation in anaesthetized man. Single injections ovig 
of suxamethonium were given to assess the rate of infusion, The first attempt at 4.5 mg/min 
was too rapid and was therefore discontinued after 2 min. A rate of 2.5 mg/min proved 
satisfactory and a steady state of block was established before resistance began to develop. 
Time interval 30 seconds. 


after the drug is withdrawn. Later, Axelsson and 
Thesleff (1958) produced evidence which sug- 
gested that desensitization of the motor end- 
plate in mammalian muscle to acetylcholine 
might develop during repetitive motor nerve 
stimulation. This gradual reduction in the 
sensitivity of end-plate receptors in mammals 
was also shown to occur when either decame- 
thonium or suxamethonium was continuously 
applied to the end-plate (Thesleff, 1958). 
Similar changes in activity have not been 
reported when the relaxants used were com- 
petitive blocking agents such as gallamine and 
tubocurarine. 

A further possible explanation for tachyphy- 
laxis was given by Straub (1907) who observed 
decreasing sensitivity of the aplysian heart ex- 
posed to successive doses of muscarine. Straub 
believed that the activity of muscarine was 
governed by the gradient that existed between 
the extracellular and intracellular levels of the 
drug, and that as each additional dose raised the 
intracellular concentration its activity was cor- 
respondingly reduced. 

More recently Burns and Paton (1951) have 
shown that successive doses of decamethonium 
produced progressively smaller depolarizations 
at the motor end-plate in the cat. To explain this 
response it was postulated that penetration of 
the cell membrane by decamethonium was an 


essential part of the depolarizing process and that | 
apparent recovery took place when the concen- 
trations of drug on both sides of the membrane 
became equal. The presence of intracellular 
decamethonium then slowed down the passage 
across the membrane of any additional drug 
administered, and thereby limited the extent of 
depolarization. 

An alternative explanation is provided by later 
work on the relationship between depolarization 
and block in the cat’s superior cervical ganglion. 
Paton and Perry (1953) showed in these experi- 
ments that ganglionic depolarization was 
diminished with successive doses of nicotine, and 
at the same time produced direct electrical 
evidence of a transition from depolarization block 
to competition block. 

This idea of dual block was taken up by Zaimis 
(1953) to explain the results of experiments with 
decamethonium carried out on the monkey, dog, 
rabbit, and hare, and repeated with suxametho- 
nium on the monkey and dog. In each case it 
was shown that the degree of neuromuscular 
block observed after the initial injection of drug 
was reduced as further injections were made, and 
it was further shown that unlike true depolariza- 
tion this neuromuscular block was antagonized 
by tetanic stimulation and by neostigmine and 
enhanced by tubocurarine, observations con- 
firmed by Foldes et al. (1957). Zaimis suggested 
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THE EFFECT OF REPEATED DOSES OF SUXAMETHONIUM IN MAN 


that in these circumstances the initial depolariza- 
tion block was followed by competition block. 
The progressively diminishing effect of succes- 
sive doses could thus be explained by the 
residual competition block antagonizing the 
depolarizing effect of succeeding doses of either 
decamethonium or suxamethonium. 

This explanation would certainly suffice to 
account for the progressive reduction in block 
demonstrated in most of our patients, and further 
support for the dual block theory is provided 
by the work of Brennan (1956) who showed 
changes in the effects of suxamethonium in man 
compatible with a transition from depolarization 
to competition block. 

One further possibility remains to be dis- 
discussed. 

Suxamethonium is inactivated by serum cho- 
linesterase, and it is conceivable that changes in 
enzyme activity could modify its action. This 
could happen in two ways. The initial injection 
of suxamethonium could mobilize a sufficient 
quantity of enzyme to destroy a succeeding dose 
more rapidly but it is unlikely that such a process 
would be cumulative. Alternatively it has recently 
been shown that there are two types of serum 
cholinesterase genetically determined (Kalow and 
Staron, 1957). These enzymes can occur either 
in combination or in the pure form, giving rise 
to three different degrees of activity as assessed 
by inhibition tests, but there is no obvious rela- 
tionship between these changes in cholinesterase 
activity and the different responses to suxame- 
thonium shown in this paper. 

Although the case is far from proved, from the 
evidence presented it seems likely that the 
development of tachyphylaxis in response to 
repeated or continuous dosage with suxametho- 
nium is governed both by the chemical character- 
istics of the drug and by the properties of the 
motor end-plate as suggested by Foldes et al. 
(1957). 

SUMMARY 


The effect of repeated and continuous intra- 
venous administration of suxamethonium was 
studied in anaesthetized patients. 

The development of tachyphylaxis in response 
to the drug was demonstrated in most patients. 
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The results obtained are classified in three 
groups. 

The general problem of tachyphylaxis in re- 
lation to relaxant drugs is discussed. 
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STUDIES ON THE RESPIRATORY AND CIRCULATORY EFFECTS OF 
CARBETIDINE HCl USED FOR SUPPLEMENTATION OF THIOPENTONE 
SODIUM-NITROUS OXIDE-OXYGEN ANAESTHESIA 


J. SELWYN CRAWFORD* AND FRANCIS F. FOLDES 
The Department of Anesthesiology, Mercy Hospital, and the Section on 
Anesthesiology, Department of Surgery, University of Pittsburgh School of Medicine, 
Pittsburg, Pa., U.S.A. 


THE pharmacological properties of carbetidine 
HCl [(hydroxy-ethoxy-ethyl)-4-phenyl-4-pipe- 
ridine ethyl carboxylate hydrochloride] (Wy- 
2039) were investigated in various laboratory 
animals by Merlevede and Levis (1958) and in 
man by Merlevede (1958) and Chase (1958). 


CHeCH, ,COOGH, 
HO-CHgC Hg O-C HC HgN © ym 
cHzch, “<__S 


«HCl 


Fic. 1 
The structural] formula of carbetidine hydrochloride. 


Animal studies indicated that, depending on the 
route of its administration, the species and the 
stimulus applied, carbetidine was two to forty 
times more potent than pethidine. In general, its 
therapeutic ratio was more favourable than that 
of pethidine. Carbetidine, 10 to 20 mg adminis- 
tered subcutaneously or intramuscularly, was 
equivalent to 100 mg of pethidine in the manage- 
ment of postoperative pain or chronic pain caused 
by cancer. With this method of administration and 
dosage, little or no circulatory and respiratory 
changes, somnolence or confusion were observed 
by Merlevede (1958). 

The purpose of the present study has been to 
observe the respiratory and circulatory effects of 
larger, intravenously administered, doses of 





* Now at: Department of Anesthesia, University of 
Chicago Clinics, Chicago 37, Illinois, U.S.A. 
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carbetidine and to ascertain whether it has any 
advantages over intravenously administered pethi- 
dine or alphaprodine (Nisentil) for the supple- 
mentation of thiopentone sodium-nitrous oxide- 
oxygen anaesthesia. 


MATERIAL AND METHODS 


Study of the respiratory and circulatory effects. 

The respiratory and circulatory effects of 
carbetidine were studied in two groups of sub- 
jects. The first group consisted of ten individuals 
who received low spinal analgesia prior to surgery 
on the lower part of the body. After stabilization 
of the subarachnoid block, the subject’s mouth 
and pharynx were sprayed with 1 per cent 
amethocaine. Light general anaesthesia was then 
established with thiopentone sodium and nitrous- 
oxide+oxygen, and an oral airway was inserted. 
After the level of general anaesthesia appeared to 
be stabilized, pulse rate, blood pressure and res- 
piratory rate were observed and the minute 
volume of respiration was measured with a Ben- 
nett ventilation meter inserted on the inspiratory 
side of the anaesthetic circuit. From the respira 
tory rate and minute volume, the tidal volume was 
also calculated. 

After recording of the control values, 0.2 mg/kg 
of carbetidine was injected through the rubber 
sleeve of an intravenous infusion in 30 seconds. 
On a few subjects 0.25 and 0.30 mg/kg doses 
were also tried, but these doses produced apnoc 
in almost every instance. Therefore the expet- 
ments were carried out with 0.2 mg/kg doses. 
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The same measurements were repeated at 3, 
8, 12, 16, 20 and 30 minutes after the adminis- 
tration of carbetidine. At the termination of the 
study, after allowing the subject to breathe 100 
per cent oxygen for 2 to 3 minutes, the face mask 
was removed and the state of consciousness was 
evaluated at 1-minute intervals for 5 minutes. 
According to their reactions, the patients were 
divided into four groups: 

(1) Capable of answering questions. 

(2) Capable of obeying commands. 

(3) Reacting to stimulation. 

(4) Not reacting. 

In the second group of ten subjects discussed 
in the next section, spinal analgesia was omitted 
and observations of the respiration and circulation 
were made only before and at 3 and 8 minutes 
after the administration of carbetidine. 


Study of the analgesic effect of carbetidine in the 
supplementation of thiopentone sodium- 
nitrous-oxide-oxygen anaesthesia. 

Ten subjects were anaesthetized with thiopen- 
tone sodium-nitrous oxide-oxygen, as described 
above. As mentioned above, respiratory and 
circulatory measurements were made when the 
level of anaesthesia appeared to be stable, and 
after the intravenous administration of 0.2 mg/kg 
carbetidine. At the start of surgery, if the patient’s 
level of anaesthesia was inadequate (shown by 
reaction to the skin incision), additional doses of 
thiopentone or carbetidine were given according 
to the following indications. When there was no 
marked respiratory depression 8 minutes after the 
0.2 mg/kg of carbetidine, more of this drug was 
given in 0.05 to 0.06 mg/kg increments, until 
either satisfactory analgesia permitted the start of 
surgery or respiratory depression developed. 
When, however, the first dose of 0.2 mg/kg car- 
betidine produced marked respiratory depression 
(respiratory rate below 12 per minute), but the 
patient still reacted to the skin incision, additional 
doses of thiopentone were given. During the 
course of surgery, adequate anaesthesia was main- 
tained, depending on the state of respiration, by 
the administration of additional doses of carbeti- 
dine or thiopentone. 

Besides the respiratory and circulatory observa- 
tions made in the first 8 minutes while the patients 
Were not stimulated, the following observations 
were also made: 
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(1) initial mg/kg dose of thiopentone; 

(2) mg/kg/min dose of thiopentone used 
throughout anaesthesia; 

(3) ug/kg/min dose of carbetidine; 

(4) state of consciousness within 5 minutes 
after the termination of surgery. 


The antagonistic effect of levallorphan. 

In those cases in which because of either a 
larger initial dose (0.25 to 0.30 mg/kg) of carbeti- 
dine, or an increased sensitivity to this drug 
there was severe respiratory depression or apnoea 
after 0.2 mg/kg doses, levallorphan 0.03 mg/kg 
was injected intravenously. 


RESULTS 


The results of the study are summarized in tables 
I, II and III. The figures in these tables represent 
the means of observations made on ten subjects. 
In a few instances, because of the loss of data, 
the means were calculated from nine observations. 
All values in tables I and II are expressed as per 
cent of control and the figures after the means 
are standard errors, Figures marked with a dagger 
(t) are statistically significant and have a p value 
of 0.05 or less. 

Table I summarizes the respiratory and circula- 
tory effects of 0.2 mg/kg of carbetidine injected 
intravenously in patients under low spinal anal- 
gesia and light general anaesthesia. The figures 
in this table indicate that there was a considerable 
decrease in the respiratory rate. The maximum 
depression was reached at 8 minutes and 
amounted to 38.3 per cent. The respiratory rate 
was still depressed by an average of 18.2 per cent 
at the end of the 30-minute observation period. 
There was a compensatory increase in the tidal 
volume, which was elevated after 3 minutes, 
reached its maximum around 12 minutes and was 
maintained at about 35 to 40 per cent above con- 
trol values throughout the observation period. 
Because of the compensatory increase of the tidal 
volume, the minute volume was depressed in the 
first 8 minutes only, was about normal from 12 
to 20 minutes and was somewhat higher than 
normal thereafter. The pulse rate was reduced by 
about 12 per cent throughout the observation 
period. The systolic and diastolic blood pressures 
were moderately depressed for the first 8 minutes 
and were around normal from then on. 

Table II summarizes similar data on patients 








TABLE | 


The respiratory and circulatory effects* of 0.2 mg/kg carbetidine injected intravenously in patients under 
low spinal anaesthesia. 
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a 
Time in minutes from start of administration 
0 3 8 12 16 20 30 

Respiratory rate 100.0 64.3 + 6.37 61.7+4.27 69.8 + 4.17 74.7 + 3.67 74.8 +7.87 81.8 +4,3+ 
Tidal volume 100.0 110.9+7.2 132.3+7.57 138.6+7.5T 139.04+9.17  138.9+7.07 144.0 +9.8+ 
Minute volume 100.0 66.0 + 6.87 83.2 + 6.6T 95.9+ 6.2 101.0 + 3.3 101.9 + 5.5 118.0+4.47 
Pulse rate 100.0 93.2 +2.5T 90.4 + 3.27 89.3 + 2.67 92.0 + 3.67 92.2 +2.8t 92.0 + 3.3+ 
Systolic 

blood pressure 100.0 94.9 + 3.07 94.5 +2.5T 97.1+1.9 97.0+7.9 99.8 + 8.9 105.0+7.7 
Diastolic , 

blood pressure 100.0 87.5 + 3.07 89.5 + 2.97 93.8+4.9 93.0 + 1.07 94.9 + 3.6 97.0+98 





*Expressed as per cent of control value. 


TABLE Il 


The respiratory and circulatory effects* of 0.2 mg/kg 
carbetidine injected intravenously in patients who did 
not have spinal anaesthesia. 





Time in minutes from start of administration 








0 3 8 
Respiratory rate 100.0 66.2 + 7.67 64.9 + 4.47 
Tidal volume 100.0 104.0+8.1 137.0+5.77 
Minute volume 100.0 68.0 + 9.074 88.0+8.5 
Pulse rate 100.0 89.0 + 1.97 95.0+4.0 
Systolic 
blood pressure 100.0 96.0 + 2.8 97.5+4.0 


Diastolic 
blood pressure 100.0 100.0+5.1 101.1+5 


mn 
te 





*Expressed as per cent of control value. 


tIndicates statistically significant difference. 








tIndicates statistically significant difference, 


who had no spinal anaesthesia. The results are 
very similar to those presented in table I. 

Table III shows the thiopentone and carbeti- 
dine requirements in ten patients. Where com- 
parable data have been available for pethidine 
(Foldes and Ergin, 1958) they have been given. 

Nine out of ten patients were capable of answer- 
ing simple questions within 5 minutes after the 
discontinuation of the administration of nitrous 
oxide-oxygen. Two of these were drowsy for 
considerably longer periods. It was 30 minutes 
before one patient was able to answer questions. 

Whenever respiratory depression developed 
levallorphan 0.03 mg/kg promptly restored satis- 
factory spontaneous respiration. This complica 
tion occurred only once with doses of 0.2 mg/kg 
of carbetidine. This case has been omitted from 
the analysis of the data. 


DISCUSSION 


The findings presented indicate that carbetidine, 
given as described, causes a significant depression 
of the respiratory rate, a compensatory increase i 
the tidal volume and a resultant minute volume 
which, after the first few minutes of its adminis- 
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TABLE III 


The thiopentone and carbetidine requirements of ten 
patients in whom carbetidine was used for the supple- 
mentation of thiopentone sodium anaesthesia (series 2). 





Carbetidine Pethidine 





Initial dose of 
thiopentone (mg/kg) 


Me/min dose of 


thiopentone 10.77 


Mg/kg/min dose of 


thiopentone 0.125 


+ 0.006 


Mg/min dose of 


analgesic 0.59 +0.026 1.9] 


Mg/kg/min dose of 


analgesic 0.0087 + 0.00083 





tration, is normal or greater than normal. This 
seems to result in a normal or better than normal 
alveolar ventilation rate after 10 to 12 minutes. 

Carbetidine also produces a moderate decrease 
of pulse rate, systolic blood pressure and diastolic 
blood pressure, but this decrease is too small to 
be of any clinical significance. 

When used for the supplementation of thio- 
pentone sodium-nitrous oxide-oxygen anaesthesia, 
carbetidine was found to be about three times 
as potent as pethidine. Its mg/min dose (0.59) 
was little less than one-third of that of pethidine 
used in another series by Foldes and Ergin 
1958). In the pethidine series, however, about 
20 per cent more (in mg/min) thiopentone was 
used. 

The respiratory depressant effects of 0.2 mg/kg 
carbetidine were about the same as those of 1 
mg/kg pethidine. When the dose of carbetidine 
was increased to 0.25—0.30 mg/kg which is equiva- 
lent in analgesic potency to about 1 mg/kg 
pethidine, respiratory arrest developed in almost 
every patient. The findings of Foldes and Ergin 
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(1958) indicate that the relative respiratory 
depressant effects of carbetidine are greater than 
those of pethidine, and resemble those of alpha- 
prodine more closely. 


SUMMARY AND CONCLUSIONS 


Carbetidine 0.2 mg/kg administered intravenously 
to lightly anaesthetized patients produced only 
moderate circulatory depression. In contrast to 
this, a marked decrease of respiratory rate and a 
compensatory increase of tidal volume were 
encountered. The carbetidine-induced respira- 
tory depression could be counteracted promptly 
by levallorphan 0.03 mg/kg intravenously in- 
jected. 

Increasing the dose of carbetidine to 0.25 or 
0.30 mg/kg caused severe respiratory depression 
or apnoea in almost every patient. 

The analgesic effects of 0.2 mg/kg of carbeti- 
dine are comparable with those of 0.6 mg/kg of 
pethidine. 

This study indicates that carbetidine does not 
have any advantages over pethidine for the sup- 
plementation of thiopentone sodium-nitrous 
oxide-oxygen. 
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THE RAPID MEASUREMENT OF RESPIRATORY PRESSURES AND 
VOLUMES 


D. W. HILi 
Research Department of Anaesthetics, Royal College of Surgeons of England 


ANAESTHETISTS must necessarily concern them- 
selves with the physiology of respiration which is 
often grossly disturbed by their activities. They 
should have some knowledge of the tools which 
are used to investigate respiratory function. Many 
of these are designed to measure the pressures 
and flow rates and volumes of gases. In addition 
it is often necessary to make a simultaneous re- 
cording of these quantities which may be varying 
rapidly. 

In most centres concerned with respiratory 
research increasing use is being made of electrical 
techniques in gas analysis and in the measure- 
ment of pressures and volumes. The main reason 
for using electronic apparatus is that its speed 
of response is far higher than that of purely 
mechanical systems. The techniques employed, 
although relatively new to medicine, are based 
on well established principles much used in 
industry. 

Some ten years ago, in Great Britain, apparatus 
for the rapid measurement of oesophageal pres- 
sures and respiratory flow rates would have been 
prohibitive on the grounds of cost or construc- 
tion time to all but the best equipped research 
laboratories. Within the last years, at least two 
instruments have been developed which should 
be within the means and operating ability of a 
wider field of workers. 

THE MEASUREMENT OF OESOPHAGEAL AND AIRWAY 
PRESSURES 

In order to measure a physical quantity using 

electronic apparatus the first step is to obtain a 

suitable transducer. 

A transducer is the element which converts the 
quantity to be measured into a corresponding 
electrical signal. This signal can then, if neces- 
sary, be amplified and displayed on a meter, on 
a recording galvanometer, by a pen, or on a 
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cathode-ray oscillograph. The basic operating 
principle is the conversion of a small change in 
the geometry of the transducer into a large change 
in some electrical quantity. A number of different 
types of transducer are available for handling 
pressures of the order of several tens of centi- 
metres of water. 

In the widely used capacitance manometer 
(Lilly et al., 1947) the pressure to be measured 
is applied to a diaphragm forming one plate of 
an electrical condenser. The resulting capacity 
changes give rise to voltage changes which are 
then amplified and displayed. 

Another transducer in regular use is the differ- 
ential transformer type (Clark, 1958; Donaldson, 
1958). This consists basically of an iron core 
wound with a primary winding and two identical 
secondary windings connected in series opposi- 
tion. The pressure to be measured is applied to 
a diaphragm which carries an iron armature 
When :"e applied pressure is zero it is arranged 
that the electro-magnetic coupling between the 
primary and each of the secondaries is equal and 
opposite. Thus, when the primary is energized 
with an alternating current having a frequency 
of some 2,500 cycles per second, there will be 
zero resultant output from the combined second- 
aries. Movement of the diaphragm will increase 
the coupling between the primary and om 
secondary and decrease it between the primary 
and the other secondary. In a well designed 
differential transformer the voltage output from 
the secondary windings will be proportional 
the applied pressure. A differential transforme 
transducer will generally cover a wider pressutt 
range than a capacitance manometer but will noi 
be quite as sensitive as the most sensitive capac 
tance manometer. The system to be used wil 
largely depend upon personal preference. 
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Other pressure measuring devices reported 
(Donald, 1957) include strain gauges, photo- 
electric transducers (Shillingford and Miller, 
1954) and devices based on the R.C.A. 5734 
transducer valve (Green, 1954). This valve is a 
small triode in which the anode is flexibly 
mounted. The pressure to be investigated is 
applied to a diaphragm firmly attached to the 
anode pin. Changes in pressure give rise to 
changes in anode current which can be measured 
in a simple bridge circuit. 

We have used capacitance transducers to record 
oesophageal and airway pressures. Our main 
experience, though, has been with Sanborn Type 
267B differential transformer transducers. These 
will measure pressures with respect to atmos- 
pheric pressure or the difference between two 
pressures. Their maximum working pressure is 
400 mm Hg and the maximum sensitivity, using 
the Sanborn carrier amplifier and pen recorder, 
is a pen movement of 1 centimetre for 1 mm Hg 
change in pressure. The Sanborn equipment has 
proved to be most versatile and reliable, but it 
is too expensive for general use. 

For this reason attention is drawn to the 
“sensitive defocusing photo-electric pressure 
transducer” developed by Greer (1958a). 


In Greer’s instrument the pressure is applied 
toa terylene diaphragm which has a surface layer 
of aluminium deposited upon it. This reflecting 
surface acts as a mirror which may be flat, convex 
or concave, depending on whether the applied 
pressure is zero, positive or negative. A parallel 
beam of light from a low voltage bulb is shone 
on the diaphragm and after reflection falls on 
to a phototransistor. The change in focus of the 
light beam falling on the phototransistor leads to 
changes in voltage output. In practice two light 
beams are used with a pair of phototransistors 
in a push-pull circuit to reduce drifts in the cali- 
bration and provide greater sensitivity. 


A prototype instrument tested in this depart- 
ment was calibrated to read + 1 cm, + 10 cm 
or + 100 cm H,O pressure. Using the same 
diaphragm the range limit is + 100 cm H.O. 
The manometer is powered by a 4-volt battery 
and the output is 2.5 volts for an applied pressure 
of 100 cm H,O; this is enough to drive a pen 
recorder. The speed of response was adequate. 
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Battery operated defocusing-type pressure transducer. 


The instrument is shown in figures 1 and 2 and 
could be constructed in any average workshop. 
A simple calibrating device for manometers has 
been described by Greer (1958b). 


THE MEASUREMENT OF RESPIRATORY FLOW RATES 


The usual method of measuring respiratory 
flow rates is to use a pneumotachograph. In this 
device the gas flow is passed through a 400 mesh 
metal gauze or other suitable resistance to flow, 
and the resulting pressure difference produced 
across the gauze is measured. With a proper 
design the pressure drop across the gauze is 
directly proportional to the flow rate over a wide 
range (Fry et al., 1957). In respiratory studies 
with conscious subjects peak flow rates of 1000 
litres per minute may be encountered. In anaes- 
thesia the problem is somewhat easier and a 
pneumotachograph head is suitable if it is linear 
for flow rates up to 60 litres per minute and is 
linear to within 5 per cent for flow rates up to 
90 litres per minute. 
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Fic. 2 
View of defocusing-type pressure transducer assembly. 


Both these conditions are fulfilled by the flow 60 litres per minute both heads give rise to a 
heads shown in figures 3 and 4. The head in _ pressure drop of some 7.5 mm H.O. 
figure 3 is constructed from Perspex with a 400 When a flow head is used in an anaesthetic 
mesh phosphor bronze gauze. It will fit standard circuit for periods exceeding 5 minutes, it 
anaesthetic corrugated tubing. The head in figure becomes necessary to heat the gauze. This is 
4 is from Fleisch’s laboratory in Lausanne and because condensation of the water vapour in the 
uses a spiral impedance element. At flow rates of 





Fic. 3 Fic. 4 
Perspex flow head using 400 mesh Metal flow head using a spiral flow resistance 


wire gauze. element, 
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patient’s expirations will alter the calibration of 
the flow head by tending to block the gauze. It 
is our practice to heat the gauze by passing 3 to 
4 amperes A.C. through it from a low voltage 
transformer. 

The calibration is dependent on the nature 
of the gas stream and this fact must be allowed 
for in anaesthetic practice. Using a 75 per cent 
nitrous oxide, 25 per cent oxygen mixture a 
pressure drop is observed which is only 80 per 
cent of that found with dry air. 

The errors due to measuring moist expired air 
instead of dry air were found to be less than the 
errors introduced in calibrating the head. A sine 
wave pump having a calibrated, variable stroke 
is extremely useful for calibrating pneumotacho- 
graphs. 

For a sine wave pump we have the relation- 
ship that the peak flow rate is equal to = times 
the minute volume so that a flow rate calibration 
can be obtained. The variable stroke is of great 
use in testing integrating circuits. Routine cali- 
bration is performed with a rotary pump and a 
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rotameter having a range of 20 to 200 litres per 
minute. 

In order to record faithfully a peaky waveform, 
a sensitive, rapidly responding differential mano- 
meter is needed. Photo-electric manometers have 
been used (Silverman and Whittenberger, 1950), 
but capacitance manometers are more widely em- 
ployed (Lilly, 1950; Pressey, 1952; Nisbet, 
1956). 

In Great Britain the Southern Instruments Ltd. 
blood pressure recording system can be adapted 
to pneumotachograph working by using their low 
range capacitance manometer Type G247. The 
makers state, however, that this transducer is 
not linear over the whole of its range. This equip- 
ment is rather large in size, and expensive. An 
alternative is the micromanometer manufactured 
by the Infra-red Development Co. Ltd. It is basic- 
ally a differential capacitance manometer used 
in a simple electrical circuit. We use a dual range 
version scaled + 4mm H,O and + 20 mm H.O. 
A micromanometer is shown in figure 5 and will 
drive a pen recorder. 





Fic. 5 
Sensitive self-contained capacitance manometer suitable for flow measurements. 





356 


There is evidence that a frequency response 
of up to at least 30 cycles per second is necessary 
in flow recorders for respiratory studies (McCall 
et al., 1957). This condition is satisfied by both 
Greer’s manometer and the micromanometer. 


THE MEASUREMENT OF RESPIRED VOLUME 

A most useful accessory for a pneumotacho- 
graph is an integrating circuit (Pressey, 1952; 
Nisbet, 1956). Such a device integrates flow rate 
with respect to time and so measures the volume. 
It adds up te the moment-by-moment flow rate to 
give the total volume flowing in a certain period 
of time. An integrator may be adapted to give 
minute volume instead of tidal volume. For 
clinical use a recording of minute volume is 
desirable, but for research purposes tidal volume 
is more useful. 

In its simplest form an electrical integrating 
circuit consists of a resistance and condenser in 
series. Providing that the output voltage appear- 
ing across the condenser C in figure 6 is kept 
small in comparison with the input voltage ap- 
plied to R and C in series, the output voltage 
represents the integral with respect to time of 
the input voltage. 

For a true integral the product RxC (with 
R in megohms and C in microfarads) must be at 
least several times larger than the periodic time 
in seconds of the phenomenon under investiga- 
tion. Under the circumstances the voltage 
appearing across the condenser is strictly pro- 
portional to the charge which has flowed into 
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Fic. 6 
Simple integrating circuit. 


the condenser. For a respiratory rate of 12 


breaths minute 


per 


each 


respiratory cycle 


occurs within 5 seconds. If we make the product 
Rx C equal 10 times 5 seconds we might have 
a 1 megohm resistance and a 50-microfarad 
condenser, or a 5-megohm resistance and a 10 
microfarad condenser. High value resistances 
tend to be rather unstable and high value con- 
densers are prone to electrical leakage problems. 
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Feed back or “Miller” integrating circuit. 
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These considerations lead to the use of a Miller 
integrator circuit (Williams, 1952) shown in 
figure 7. Here the capacity C is connected to an 
amplifier of gain A. This effectively increases the 
capacity to a value AxC and multiplies the 
output voltage by A. So that now we might make 
R=1 megohm, C=1 microfarad and use an 
amplifier having a gain of 50 times. 

Stott (1957) has described a pneumatically 
operated pneumotachograph and integrator which 
in practice we have found to work well. 

As an alternative to the integrating pneumo- 
tachograph a rapidly responding spirometer may 
be used to record tidal volumes (Nunn, 1956). A 
low inertia potentiometer (P. X. Fox Ltd.) Type 
G, attached to one of the pulleys, enables elec- 
trical recordings to be made. An alternative would 
be the use of an electrolytic potentiometer (Whit- 
lestone, 1959). 

An integrating pneumotachograph has been in 
regular use in this department. One project in 
which it has proved invaluable is the assessment 
of expired air resuscitation (mouth-to-mouth 
breathing). A typical tracing is shown in figure 
8. The upper trace records the tidal volume of 
the paralyzed patient which was 1,100 ml. The 
lower trace shows the end expiratory car- 
bon dioxide level of the subject was 5 per cent 
v/v and that of the donor 2.4 per cent after some 
10 minutes of resuscitation. Resuscitation was 
continued for a total of 45 minutes. 


SUBJECT 
_ 5% DONOR 


integrating pneumotachograph. Bottom 





levels of the subject and donor recorded by a rapid infra-red analyzer. 
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The integrating pneumotachograph has also 
been of great use in studies on the mechanics of 
respiration. Figure 9 shows a recording of a 
patient’s oesophageal-airway pressure difference, 
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Fic. 9 
Simultaneous pressure, volume, and flow rate tracings 


from a patient undergoing intermittent positive pres- 
sure respiration. 


TIDAL VOLUME 
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Fic. 8 
Airway to airway resuscitation. Top trace: tidal volume recorded by an 


trace: expiratory carbon dioxide 
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respiratory flow rate, and tidal volume. The 
patient was undergoing intermittent positive 


pressure respiration and had a low lung compli- 
ance. Expiration was almost passive. Cardiac 
pulsations can be seen on the pressure and flow 
rate tracings. The oesophageal pressure and tidal 
volume were also displayed as pressure-volume 
loops for each respiratory cycle on a Nagard 
DT 103 cathode ray oscilloscope. The oesophageal 
pressure is taken as a measure of the intrapleural 
pressure. From such a diagram may be calculated 
the work done in stretching the lungs to the 
maximum volume of the cycle, the work done 
in moving the air against the airway resistance 
and the pulmonary compliance (Saxton et al., 
1956). We have been studying such loops in 
anaesthetized patients during spontaneous and 
controlled respiration (Newman, 1959). 


SUMMARY 


A description is given of various types of trans- 
ducer which are suitable for the measurement of 
oesophageal and airway pressures and respira- 
tory flow patterns. The use of an integrating 
circuit to yield tidal or minute volumes from the 
flow pattern curve is discussed. Finally, examples 
are given of the use of pressure and flow record- 
ings in an anaesthetic department. 
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UNEXPLAINED SPREAD OF EPIDURAL 


BY 


ANAESTHESIA 


W. F. K. Morrow 
Banbridge and South Down Hospitals, Northern Ireland 


THE case to be described is unique, in that the 
high spread of local analgesia became obvious 
some 40 minutes after an apparently perfectly 
administered epidural block. 


CASE REPORT 
The patient was a male of average build, aged 60, a 
mild diabetic with resting blood pressure 180/80 mm 
Hg, pulse 76, and requiring treatment for occlusive 
vascular disease affecting the lower limbs. Ten weeks 
previously epidural block had been performed: (1) to 
test sympathetic release and (2) for the purpose of 
providing analgesia and sympathetic blockade during 


and immediately after a femoral arteriogram. It was 
decided to repeat the arteriogram. 
11.15 a.m. Premedication of papaveretum, 20 mg, 


scopolamine 0.4 mg was given by subcutaneous injec- 
tion. 

12.15 p.m. On arrival in the theatre the patient was 
mildly sedated and co-operated well. 

12.20 p.m. Epidural puncture was performed using 
a Macintosh needle, the patient being in the lateral 
position and the table horizontal. The epidural space 
at L3, 4 was located using the “Dogliotti” loss of 
resistance technique. Aspiration for cerebrospinal 
fluid (c.s.f.) was negative and no fluid efflux occurred 
throughout the procedure. 20 ml 1.5 per cent ligno- 
caine without adrenaline was injected. Voluntary 
movement of legs was present and analgesia reached 
approximately T9. Some fall of blood pressure 
occurred. This was maintained with fractional intra- 
venous doses of methoxamine (10 mg X 2) at a level 
of 130 mm Hg systolic. Otherwise the procedure was 
uneventful. There was no change of posture during 
the arteriogram, which was carried out in the supine 
position. 

1.00 p.m. The arteriogram was now completed. The 
patient was very drowsy now but sensible and co- 
operative. Sensory block was found to extend to the 
level of the clavicles. Sensation in Sth cranial nerve 
still present. During the ensuing 10 minutes the 
following features were noted: speech impairment 
became obvious, this being carried out in a husky 
whisper; there was a generalized loss of voluntary 
movements of the limbs with absent tendon reflexes; 
and respiratory excursion, which had been satisfactory, 
now became inadequate and inco-ordinate with a 
marked tracheal tug. 

1.10 p.m. At this stage consciousness was lost. Oral 
intubation was carried out easily and with no reaction 
from the patient. Intermittent positive pressure 


respiration (i.p.p.r.) instituted, a noradrenaline drip 
in the meantime having taken over vasomotor activity 
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following a very transient fall in blood pressure to 
80 systolic. After a few minutes on the trigger 
mechanism of the Blease Pulmofilator, respiration was 
completely taken over. During the period of uncon- 
sciousness the eyes were fixed and central, the pupils 
being in a state of extreme miosis so that any reaction 
to light would be impossible; the corneal reflex was 
absent. Blood pressure maintained at about 160 
systolic throughout. Initially bradycardia occurred, 
the heart rate becoming as low as 40 per minute. 
Intravenous atropine sulphate 0.6 mg increased the 
heart rate to a continuing rate of 70 per minute, 
causing a rapid rise in blood pressure, necessitating 
readjustment of the noradrenaline drip rate. 

2.15 p.m. The patient commenced to breath - el 
taneously, breaking through i.p.p.r. and “bucking” o 
the endotracheal tube. Spontaneous respiration a 
quite adequate and extubation and pharyngeal toilet 
was carried out. The patient was mentally alert imme- 
diately, answering simple questions and responding 
to commands. There was some residual weakness of 
arms and legs and generalized sensory loss including 
Sth cranial nerve. On awakening the pupils lost their 
intense constriction and the voice became normal 
within a few minutes. There was no evidence of other 
cranial nerve involvement, Breathing was quite free 
and co-ordinate with a good respiratory excursion. 
Power gradually returned in the limbs, most rapidly 
in the first 15 minutes. 

3.30 p.m. Complete recovery of sensory and motor 
function had now occurred and sensation in Sth 
cranial was now normal. 

4.15 p.m. The patient was returned to ward. The 
blood pressure was now stabilized and the noradre- 
naline drip discontinued. Postoperatively there were 
no residual sequelae and the patient had no un- 
pleasant memories. The total duration of amnesia 
was indefinite. 


It was thought that total spinal block had 
occurred with limited cranial nerve involvement, 
loss of consciousness, and a most remarkable delay 
in onset. 


COMMENTARY 


Intrathecal spread of local anaesthetic solution 
is a well-recognized complication of the extradural 
technique, but usually the spread of the solution 
becomes obvious within a few minutes. Sykes 
(1958), however, described a case where the dura 
had been punctured, with a delayed onset of 15 
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minutes. Bonica (1957) reported two cases of 
total spinal in 3,637 cases: 17 others could have 
occurred had it not been for the use of the test 
dose. Puncture of the dura was not detected 
before injection. The majority of these occurred 
with the catheter technique. There were several 
cases in which an apparently normal epidural 
block developed within 15 minutes of injection 
and subsequently a much more extensive block 
followed. In none of these instances was dural 
puncture detected (Bonica, 1959). 

From the University College Hospital figures 
quoted by Sykes (1958) the occurrence of total 
spinal would appear to be about eight times more 
likely when an epidural injection is given at the 
same vertebral level as a previous dural puncture, 
than when given at a different level when the 
incidence is just over 2 per cent. In the majority 
of cases where the dura has been definitely 
punctured high spinal block does not result. 

In some, at least, of the above cases the dura 
had been punctured, thereby facilitating the 
spread of local anaesthetic. The delayed onset 
of the block in the case described suggests a slow 
transfer of analgesia into the cerebrospinal fluid 
and subsequent diffusion to the upper cord and 
brain stem, although one would normally expect 
the greater part of the epidural injection to have 
been absorbed by this time. One must consider 
now whether the diffusion occurred through the 
intact or damaged dura. It seems improbable 
that the dural permeability might have been 
altered as a result of the satisfactory epidural 
block carried out 10 weeks previously. It has 
been shown by Franksson and Gordh (1946) that 
following dural puncture in humans the wound 
may remain patent for as long as 14 days. Dural 
puncture had not been carried out at any time 
on this particular patient, nor had the patient 
received any corticosteroid therapy. As men- 
tioned previously by Sykes (1958), following 
puncture of the dura, the pressure difference 
between the two compartments tends to prevent 
massive spread from the epidural to the sub- 
arachnoid space in a high percentage of cases. In 
such a case as this, the dura may or may not have 
been minimally damaged. The fact that this 
subject was a mild diabetic, with possibly an 
increased c.s.f. specific gravity which might favour 
diffusion, would seem of small importance. 
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Recently it has been pointed out by Saker ang 
Shroder (1954) that in the presence of low csf 
pressures, a high concentration of extradurally 
deposited local analgesic could be obtained from 
the c.s.f. in the lumbar region, whereas none was 
obtained in the presence of a high c.s.f. pressure. 
If these results are substantiated and shown to 
be applicable to conditions occurring in clinical 
practice, this then raises the possibility that a 
lowered c.s.f. pressure of sufficient magnitude and 
duration might be the trigger mechanism op 
occasions when massive spread occurs following 
an epidural block. There is reason to believe that 
the normal healthy intact dura is permeable to 
local anaesthetics and some, if not all, the effects 
of epidural anaesthesia are attributed to the 
presence of an effective concentration in the c.sf, 
(Frumin et al., 1953a, b). However, opinion is 
not unanimous on this subject, and Foldes (1954), 
while admitting that such penetration does occur, 
considers that the main site of action is outside 
the dura. The pros and cons of this argument have 
been admirably discussed by Geddes (1958). 


CONSIDERATION OF SPINAL BLOCK 


The high spread of lignocaine produced a pro 
gressive ascending paralysis, resulting in what 
appeared to be a total spinal block. Before con- 
sciousness was lost the motor innervation of the 
larynx was depressed as evidenced by the husky 
whispering speech. It will be recalled that the 
motor nerve fibres to the larynx, which travel in 
the recurrent laryngeal nerve, are derived from 
the medullary part of the accessory nerve and 
extend along the surface of the medulla to join 
the vagus. 

The absence of sympathetic activity can result 
in an extreme degree of miosis, clinically occur- 
ring as a result of block at any point of the 
sympathetic pathway—in the brain stem, cervical 
or upper thoracic cord, thoracic inlet, or along 
the carotid sympathetic plexus. High spina 
blockade results in a complete cessation of sym- 
pathetic outflow activity. However, miotic pupils 
may be seen from time to time during the conduct 
of standard anaesthetic procedures. The fact that 
the pupils dilated somewhat on arousal, when 
sympathetic activity was still in abeyance, would 
suggest an alteration in oculomotor activity 
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occurring in conjunction with the change in the 
level of consciousness. 

The isolated involvement of the trigeminal 
nerve, the sensory nucleus of which is in the pons, 
would suggest that the long sensory root which 
descends into the upper cervical region of the 
cord, had been blocked at this level in its relatively 
superficial course. 

As resting vagal tone is wholly reflex in origin 
and depends on afferent impulses along the sinus 
and aortic nerves, the occurrence of extreme 
bradycardia relieved by atropine suggests the 
persistence of some degree of autonomic vagal 
activity in association with ablated sympathetic 
and adrenal medullary function. 

Von Euler (1955) has pointed out that the 
positive chronotrophic action of noradrenaline 
in the living organism is often masked by a reflex 
bradycardia. The above observations are consis- 
tent with this view. 

The loss of consciousness is of particular 
interest here, occurring as it did with restricted 
cranial nerve involvement in the presence of an 
apparently adequate cerebral circulation. 

Disturbance of consciousness as a result of the 
passage of local analgesics into the cranial c.s.f. 
has been commented on from time to time and 
more recently in this country (Woolmer, 1948; 
Jones, 1953; Stovner, 1957; Sykes, 1958). 

Sykes (1958) quotes several authorities sup- 
porting the view that low concentrations of local 
analgesics will affect the cranial nerves or their 
nuclei and greater concentrations will also have an 
effect on the vasomotor and respiratory centres. 


SOME ASPECTS OF MECHANISM OF 
UNCONSCIOUSNESS 


In recent years anatomical and physiological 
studies have added much to the better under- 
standing of brain mechanism and consciousness 
and have demonstrated the mutual interdepen- 
dence of the cortical neuronal systems and the 
multisynaptic systems of the reticular formation 
of the brain stem. 

Direct electrical excitation of the reticular 
formation of the brain stem induced changes in 
the electro-encephalogram (e.e.g.) seemingly 
identical with those observed in waking from 
sleep. The reticular formation is well orientated 
up the brain stem to thalamic level, not as 
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a straightforward tract system but as a diffuse 
neuronal network, linked equally to the cortices 
of both hemispheres (Delafresnaye, 1954). 

It is known that isolated cortical lesions do not 
disturb consciousness, whereas upper brain stem 
lesions do. Bremar (1935) showed that tran- 
section of the midbrain in animals produced sleep, 
whereas after transection at Cl (Bremar’s Ence- 
phalé isolé) the head end remained awake. E.e.g. 
studies exhibited the characteristic activities. 
Bremar thus demonstrated that an ascending 
influence from the brain stem was responsible for 
wakefulness, which would appear not, as was 
thought, to be due to the blocking of the sensory 
paths in this instance but to injury to the upper 
end of the reticular activating system, where these 
influences are elaborated for cortical propagation 
(Magoun, 1950). 

It has been shown by French et al. (1953) that 
impulses from peripheral sensory receptors 
ascend to the cerebral cortex not only by the 
classical long tract systems but relay in this 
multisynaptic reticular formation, which then 
projects to all parts of the cerebral cortex by 
various paths. It appears that barbiturates alter 
the threshold of arousal by preventing the stimu- 
lation of the reticular formation which arrives 
via the collaterals from the classical somatic 
sensory pathway. King (1956) supports this view 
as a result of intensive studies. 

Discussion on the specific cause of loss of con- 
sciousness in this case tends to be rather specu- 
lative. Circulatory and respiratory insufficiency 
of a degree sufficient to cause loss of conscious- 
ness did not occur, and one must consider the 
possibility of systemic absorption possibly 
occasioned by the injection of the radio opaque 
media. There was, however, nothing to suggest 
any type of generalized reaction to iodide. The 
relatively long period of unconsciousness favours 
a subarachnoid effect. 

If the mechanism was due to a direct action 
on the reticular formation, then involvement of 
the upper brain stem region would be required 
if one accepts a direct analogy with the experi- 
mental transection studies (Bremar, 1935). The 
spread of local analgesics in the subarachnoid 
space demonstrates that when high levels are 
reached diffusion takes place mainly on the ventral 
aspect of the brain. Very large volumes must be 
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given before the ventricular fluid will be reached 
(Grodinsky and Baker, 1933). 

Direct action at upper brain stem level would 
seem unlikely in the absence of extensive cranial 
nerve involvement, unless some low critical 
concentration of lignocaine can be effective in 
causing loss of consciousness, acting very 
selectively on the reticular system. 

Stovner (1957) has described a case of “sub- 
total spinal analgesia” which occurred when 
performing paravertebral block, using lignocaine. 
In this case the upper four cranial nerves as well 
as part of the fifth cranial nerve were spared and 
consciousness retained. 

Sensory impulses from the trigeminal area have 
been shown to be especially effective in activating 
the brain stem reticular system (Rossi and 
Zirondoli, 1955). Deafferentation would seem to 
be of special significance in this case. An inter- 
esting comparison can be made with the parallel 
effect on the phrenic reflex as suggested by 
Bromage (1958, 1959). 


SUMMARY 


A case of delayed spread of extradural anaesthesia 
with loss of consciousness is described. The pos- 
sible mechanisms of this phenomenon are dis- 
cussed. 
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DISINFECTION IN ANAESTHESIA 


BY 


H. BEEUWKES AND A. E. D. v.d. VIJVER 
St. foseph Hospital, Heerlen, Netherlands 


INTRODUCTION 

SincE the war anaesthesia has extended enor- 
mously due to the advances which have been made 
in this field in physiology, pharmacology, physics 
and chemistry. However, it is apparent that 
insufficient attention has been paid to the methods 
which should be employed for disinfecting anaes- 
thetic equipment. In our opinion the importance 
of achieving adequate sterilization of the equip- 
ment cannot be too strongly emphasized. The 
intensive use of circle systems, endotracheal tubes, 
airways and face masks promotes the spread of 
pathogenic organisms. 

The normal oral bacterial flora includes: a- 
haemolytic Streptococci, Staphylococcus aureus, 
8-haemolytic Streptococci, Pneumococci, Haemo- 
philus influenzae, sometimes Neisseria meningiti- 
dis, Corynebacterium diphtheriae and finally 
Spirochaetes together with the little studied 
Gram-positive and Gram-negative rods. Of these 
Pneumococci, -haemolytic Streptococci and 
Staphylococcus pyogenes are, next to the tubercle 
bacillus, of particular interest to the anaesthetist. 

Literature on the extent of contamination of 
the apparatus is scarce. Mehsen (1952), however, 
gives some statistics on the counts of micro- 
organisms collected from masks, tubes and re- 
breathing bags. In the rinsing fluid of five tubes 
not cleaned after use he found that the bacterial 
counts were 420,000, 200,000, 1,000,000, 
2,250,000 and 3,400,000 respectively. In five re- 
breathing bags they were found to be 34,500 
368,000, 618,000, 763,000 and 530,000. Cleaning 
with tap water reduced the counts from a second 
group of tubes to 6,300, 2,460, 28,000, 29,000, 
and 34,600. When a second group of five bags 
were treated similarly the counts were 2,000, 
1,800, 6,000, 28,000 and 29,300. Treatment of a 
third group of tubes and bags with a detergent 
solution of 3 per cent hexachlorophene (pH iso- 


derm) reduced the bacterial counts to 200, 1,300, 
200, 200 and 500 for the tubes and 200, 800, 100 
and 600 for the bags. Sterilization was, therefore, 
not complete even after disinfecting with the 
detergent solution containing 3 per cent hexa- 
chlorophene. 

The micro-organisms isolated and identified 
from masks and rebreathing bags in this investi- 
gation included B. subtilis, Staphylococcus citreus, 
Staphylococcus aureus and Staphylococcus albus, 
Streptococcus pyogenes and Aspergillus species, 
Candida albicans and Ps. aeruginosa. 

Hexachlorophene is a good disinfectant if used 
continuously and its effect is optimal when it is 
combined with a detergent. A single washing 
with hexachlorophene soap, however, is not 
sufficient. According to Price (1951) hexachloro- 
phene disinfects the skin less rapidly than 70 per 
cent ethyl alcohol. The drawbacks of hexachloro- 
phene are: 

(1) The bacterial flora on the hands can show 
resistance to the antiseptic. This fact has 
been confirmed by us in practice. 

(2) Hexachlorophene is slow acting and is less 
effective against Gram negative organisms. 

(3) On continued use hexachlorophene causes 
dermatitis (Hopper and Wood, 1958). 


MacDonald, Welch and Keet (1955) have 
compared the relative effectiveness of soft soap, 
hard soap, “Dial” soap (containing 2 per cent 


hexachlorophene), surgical soap with hexachloro- 
phene, and a non-alkaline detergent with 3 per 


cent hexachlorophene (pH isoderm), in the clean- 


ing of anaesthetic equipment. These workers 
undertook this investigation because they con- 


sidered as insufficient, the attention paid to the 


cleaning of this equipment in the surgical depart- 
ments. Masks, for example, were often only 
washed with tap water. 
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MacDonald, Welch and Keet (1955) smeared 
sputum on the inner surface of tubing and after 
20 minutes brushed them for 1 minute with the 
particular soap under test. The tubing was then 
rinsed with tap water and finally sterile water. 
Staphylococcus aureus and Staphylococcus albus 
were cultured from the tubing on which soft soap 
was used. Paracolon bacilli were cultured from the 
tubing treated with “Dial” soap and Neisseria 
catarrhalis, paracolon bacilli, Staphylococcus 
aureus and Staphylococcus albus from that treated 
with the surgical soap with 2 per cent hexachloro- 
phene. After using the nonalkaline detergent with 
3 per cent hexachlorophene it seemed that a sterile 
apparatus was obtained. 

The following organisms were isolated from un- 
treated control tubes: Neisseria catarrhalis, 
Staphylococcus aureus and Staphylococcus albus, 
non-haemolytic Streptococci, a-Streptococci and 
Pneumococci. No Pneumococci could be isolated 
when ordinary soap was used. 

Pfeifer and Pfeifer (1958) have also examined 
the bacteriological contamination of anaesthetic 
machines. They showed that the bacteria are 
mostly found in those parts of the apparatus 
nearest to the patient and that the flora was iden- 
tical to that found on the throat swab. Some 
pathogenic bacteria were also found in those parts 
of the machine furthest from the patient. None 
were found in the rebreathing bag or in the soda 
lime. It was evident from this work that the dis- 
infection of endotracheal tubes and face masks 
was insufficient and the authors recommend the 
autoclave for sterilizing tubes, face masks and 
connection pieces. Corrugated rubber tubing and 
rebreathing bags could be disinfected by sub- 
merging them in 1 per cent mercuric chloride 
solution for 5 hours, rinsing with hot water and 
drying at a temperature of 60°C. In all cases the 
apparatus was cleaned before sterilizing with 
running hot water. 

The following criteria for the ideal germicide 
are suggested by Reddish (1957): 

(1) It should sterilize rapidly those instruments 
which are cleaned mechanically, but may 
still be contaminated with M. tuberculosis, 
pathogenic spores and viruses. 

(2) It should stay active in the presence of 

serum protein and not coagulate with this 
protein. 
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(3) Left behind on the instruments it must not 

irritate the tissues. 

(4) It must not have an unpleasant odour. 

(5) It must not affect metal, rubber or lute of 

optical lenses. 

(6) It must be cheap. 

In deciding on the best disinfectant for use on 
anaesthetic machines and instruments we are of 
the opinion that, in general, chlorhexidine* 
(Hibitane), fulfils these criteria (Beeuwkes, 1958), 
The low concentration in which it can be used 
compensates for the rather high cost of the 
material itself. 


METHODS ADOPTED FOR DISINFECTION OF 
ANAESTHETIC EQUIPMENT 


Disinfection of rubber articles. 

Rubber tubes and para-rubber tubes (with or 
without cuffs) and airways are first cleaned under 
running tap water with a synthetic detergent and 
a culture tube cleaner. They are then immersed 
for half an hour in a solution containing 0.1 per 
cent w/v chlorhexidine and 0.02 per cent w/y 
Tween 80 in distilled water and finally rinsed 
with saline and dried with sterile compresses. 

Endobronchial catheters and blockers are first 
immersed in a 0.1 per cent w/v chlorhexidine 
solution for approximately 1 hour. They are then 
mechanically cleaned under tap water with a 
synthetic detergent and afterwards disinfected by 
means of the above mentioned chlorhexidine 
solution for half an hour. 

The hoses of the circle and semi-open systems 
and the corrugated rubber bag of respirators are 
boiled in water for 10 minutes once a week. This 
separate procedure is adopted to maintain the 
antistatic properties of rubber according to the 
recommendation of the manufacturers of the 
apparatus. When the patients are suffering from 
tuberculosis or from a nonspecific respiratory in- 
fection this apparatus is boiled for 30 mimutes 
instead of 10 minutes. In cases of tuberculosis 
or non-specific respiratory infections the Waters 
absorber and its connections and the parts of the 
respirator which have been in contact with the 
ventilatory gases are, after dismantling, placed in 
a 0.1 per cent w/v chlorhexidine solution for ! 





* Chlorhexidine (Bis-p-chlorophenyldiguanido-hexam) 
is manufactured by Imperial Chemical Industries Ltd 
Pharmaceuticals Division. 
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hour. This apparatus is then cleaned mechanically 
and boiled or autoclaved for 30 minutes. After 
use by tuberculous patients, the endotracheal 
tubes and endobronchial catheters are also 
immersed in a 0.1 per cent w/v chlorhexidine 
solution for 1 hour, They are then mechanically 
cleaned with a brush and with a synthetic deter- 
gent under tap water and finally boiled for 30 
minutes. 

Disinfection of instruments. 

Magill forceps and laryngoscope blades are 
cleaned mechanically after use in the normal 
manner. They are then disinfected by rubbing 
once with 0.1 per cent w/v chlorhexidine solution 
in 70 per cent ethyl alcohol, applied by means of 
cotton wool swabs. 

After their use on patients with tuberculous or 
nonspecific respiratory infections these instru- 
ments are mechanically cleaned and then boiled 
or autoclaved for 30 minutes. 


Disinfection of the throat. 

After intubation a tampon soaked in a 0.1 per 
cent w/v aqueous solution of chlorhexidine is 
placed in the pharynx. This is intended to pre- 
vent aspiration of nose and throat secretions and, 
incidentally, regurgitated gastric fluid. In view of 
the possibility of contamination in the mouth 
and nose, endotracheal tubes are smeared with 
lignocaine ointment to which 0.1 per cent chlor- 
hexidine is added. The strength of chlorhexidine 
is well tolerated by the mucous membranes and 
does not cause any irritation. The same solution 
can also be used quite safely as eye drops during 
anaesthesia. These drops are used because the 
natural cleaning and disinfecting action of the 
lacrymal fluid may be absent due to inhibition of 
the glands during general anaesthesia. 


Disinfection of the skin. 

This is achieved with 0.5 per cent w/v chlor- 
hexidine in 50 per cent ethyl alcohol. When doing 
a venepuncture it is advisable to wait for 30 
seconds to allow for adequate disinfection of the 
skin. 

Rubber caps and vials, bottles and infusion 
bottles should be disinfected before use with a 
solution of chlorhexidine in alcohol. 


Disinfection of syringes and needles. 
Syringes and needles are boiled for 30 minutes 
or autoclaved at 120°C for 15 minutes. 
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TESTS FOR EFFICIENCY 
These disinfection methods were bacteriologically 
tested as follows: 

Firstly, we examined the degree of contamina- 
tion of 30 endotracheal tubes after extubation. 
About 1 hour after operation every tube was wiped 
as thoroughly as possible on the inside and at 
the distal end with a sterile swab. A culture 
plate containing 5 per cent sheep blood was 
inoculated with the swab which had been pre- 
viously soaked with broth. The plates were then 
cultured under aerobic and anaerobic conditions. 


Results. 

Twenty-one of these tubes were found to be 
contaminated with micro-organisms. Of the con- 
taminated tubes, thirteen contained a-Streptococci 
plus Staphylococcus albus, two contained a-Strep- 
tococci plus Neisseria, one a-Streptococci plus 
Proteus rettgeri and Klebsiella, one a-Streptococci 
plus haemolytic Staphylococcus and one a-Strep- 
tococci plus C. diphtheria of the mitis type. The 
final tube was contaminated with large quantities 
of a-Streptococci, Proteus and Klebsiella (appar- 
ently the flora of the gut). 

These findings are in close agreement with 
those of American workers and the positive 
diphtheria culture is worthy of note. The German 
workers quoted, however, did not find haemolytic 
Streptococci during the survey of an equal number 
of patients using a tenfold number of throat 
swabs, They found that Staphylococcus aureus 
was the most frequent organism. The German 
workers received their material mainly from a 
hospital for dental surgery, which may be an ex- 
planation for this difference. 

The remaining nine tubes were not contamin- 
ated with pathogens. We admit, however, that 
the method used may not have been sufficiently 
sensitive to isolate all organisms, because we only 
swabbed the distal ends of the intratracheal tubes 
as we wanted to obtain a picture of the degree of 
contamination of the tubes. 

Thirty intratracheal tubes were then cleaned and 
disinfected after use in the manner described 
above. All were found by the same bacteriological 
tests to be in a sterile condition. 


THE USE OF CHLORHEXIDINE IN THE THROAT 
Before introducing the regimes described for 
disinfection of the throat, it appeared to us that 
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in spite of a good intubation technique and excel- 
lent muscular relaxation of the patients during in- 
tubation several patients complained postopera- 
tively of sore throats and had symptoms of laryn- 
gitis and hoarseness. Since the introduction of 
swabs soaked in 0.1 per cent chlorhexidine and the 
use of a lubricant containing lignocaine and 0.1 
per cent chlorhexidine these complaints have 
almost disappeared. In an endeavour to find a 
bacteriological explanation for this, the throats 
of fifteen patients were swabbed before and after 
operation. No significant specific or numerical 
differences in the throat populations were ob- 
served with or without the use of chlorhexidine. 

Since Pfeifer and Pfeifer (1955) showed that 
the degree of contamination of the parts of the 
anaesthetic apparatus furthest from the patient 
was less than 5 per cent of that in the intratra- 
cheal tubes, it is obvious that as the method 
adopted by us sterilizes the latter, the disinfection 
of the other parts will also be satisfactory. 


SUMMARY 


Until quite recently too little attention has been 
paid to the disinfection of instruments and appara- 
tus used during anaesthesia. Most of the methods 
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in current use are insufficient or are too compli- 
cated and cause too much deterioration. Chlor. 
hexidine is regarded as the most suitable disin- 
fectant for anaesthetic equipment. It provides a 
bacteriologically safe disinfection when articles 
have been immersed in a 0.1 per cent solution 
for half an hour. A description of the methods 
applied is given. 
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A NEW GAS-OXYGEN DENTAL ANAESTHETIC MACHINE COMPARED 
WITH PRESENT DAY STANDARD MACHINES 


BY 


J. DouGLAs HUNTER AND A. C. FRASER 
The County Hospital, Lincoln, England 


Tue importance of accuracy in the performance 
of gas-oxygen dental machines has always been 
accepted, but the inaccuracy of the flows from 
the nosepiece when compared with the dial 
settings has not always been realized. 

This statement is borne out by the findings 
of Goldman (1958) in the tables of a recent article 
on “Deaths in the Dental Chair.” 

The successful and safe use of nitrous oxide 
and oxygen for dental anaesthesia allows only 
a small margin of error if consistently good 
results are to be obtained. Up to the present 
this condition does not appear to have been 
fulfilled. The anaesthetist or dentist who is accus- 
tomed to using the same machine for each adminis- 
tration may adjust his technique to overcome this 
deficiency. A machine which does not deliver the 
flows indicated on the dials must throw a certain 
amount of extra strain on the anaesthetist, until 
he has acquired a knowledge of the idiosyncrasies 
of the particular machine which he is using. This 
puts the occasional anaesthetist at a particular 
disadvantage as he may well find himself in diffi- 
culties for which he cannot really be blamed. 
His position is made even more difficult when the 
next machine he is asked to use may have a com- 
pletely different performance. 

In the course of one week, two machines which 
gave cause for anxiety were encountered by one 
of us. One did not deliver any oxygen until the 
indicator showed 30 per cent oxygen in nitrous 
oxide; the other, which was in use by a dentist, 
could not be made to deliver any oxygen at all. 
The dentist was quite unaware that the situation 
was SO Serious. 

If a machine could be found which delivered 
more accurate concentrations over the whole range 
with the pressures used in clinical practice, then 
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anaesthetists, especially those giving only the 
occasional “gas”, would have better prospects of 
giving a safe and smooth administration. 

The purpose of this article is to compare the 
advantages and disadvantages of a new design of 
dental anaesthetic machine—the A.E.1 machine 
(Cyprane Ltd.)—with those of two conventional 
machines which were designed some years ago, 
and which are in constant use in dental surgeries. 

The comparison is made between the physical 
attributes of the three machines, their simplicity 
or otherwise, their accuracy as judged by the con- 
centration of gases issuing from the facepiece 
compared with the readings on the dials and their 
ease of use from the anaesthetist’s point of view. 

The standard machines used in this comparison 
are referred to as S1 and S2. 

S1 is of the intermittent flow type. In it, nitrous 
oxide and oxygen are led into separate bags. These 
empty with the patient’s inspiration. They then 
fill automatically from the cylinders and remain 
full until the next inspiration. A lever mounted 
against graduations on top of the machine, within 
easy access, controls the percentage of oxygen 
being inhaled with the nitrous oxide. The pressure 
at which this predetermined mixture is delivered 
to the patient is controlled by a foot lever. A 
button on top of the machine permits the delivery 
of oxygen at full pressure to the facepiece in an 
emergency. 

Sz2. In this machine, the two gases are delivered 
at a pressure of 60 Ib./sq.in. to two bags in metal 
drums. These bags partially empty on inspiration 
and the gases drawn from them pass to a percentage 
mixing chamber, the composition of the mixture 
being controlled by a dial on the top of the 
machine. From the mixing chamber the mixture 
can be delivered at pressures between 0 and 40 
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mm Hg. With any setting above O mm Hg the 
machine functions as a continuous flow type. It 
is possible to deliver pure oxygen under pressure 
directly to the patient. 

The New Machine A.E.1. This machine is a 
patient-demand type of apparatus, and is shown 
in figures 1 and 2. There are no gas bags as in 
the standard types of machine. The reducing 
valves are set to deliver the gases at 60 lb./sq.in. 
pressure from the cylinders. These pressures are 
shown on dials on front of the machine. 

The machine contains a mixer unit with a high 
pressure differential to ensure accurate mixing at 
all flows. From this the mixture flows into a 
separate delivery unit. This separation of the 
delivery unit ensures that the resistance to breath- 
ing is always low, and is not affected by the high 
pressure differential in the mixing unit. It has 
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been found that if these units are combined then 
the size of the mixing ports is extremely critical, 
and cannot satisfy both requirements. Ports large 
enough to pass a high flow of gases on inspiration 
without undue resistance are too large to main 
tain a sufficient pressure difference across them 
to ensure accurate mixing at low flows. while smal 
ports will maintain accuracy at low flows but wil 
result in a high resistance to breathing at high 
flows. 

As seen from figure 3, the mixer unit consists 
of a rotatable mixer shaft A, in which is a slot Al 
through which oxygen is led, and a slot A2 for 
the nitrous oxide. Surrounding shaft A is a collar 
B which is unable to rotate but which can move 
up and down. It is connected to a diaphragm (not 
shown in the diagram) which rises and fals 
according to the flow demanded by the patient 
B has a slot B1. The arrangement is, then, tha 
A can rotate but cannot move up or down, while 
B can rise and fall but cannot rotate. 

Figure 3 shows the position of these basic parts 
of the machine when it is set to deliver 50 pe 
cent oxygen in nitrous oxide at a low flow. De 
mand for an increased flow causes the collar 8 
to rise (fig. 4) and thus greater widths of slots 
Al and A2 are uncovered. Note, however, thi 
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the proportionate areas of Al and A2 are still the 
same as in figure 3. 

With alteration of the dial setting to 10 per cent 
oxygen in nitrous oxide, the position of A, rela- 
tive to B, is as shown in figure 5. Much less of 
the oxygen port Al is now uncovered. This pro- 
portion is still maintained even although the 
collar B rises or falls in accordance with the flow- 
demand diaphragm. 

The delivery unit has a pressure loading device 
which can be set at low pressure so that gases 
flow only on inspiration, or at high pressure, 
when the gases are, of course, delivered under 
pressure. Note, therefore, that any alteration in 
pressure cannot affect the percentages of the gases 
which are already mixed. 

No emergency oxygen device is normally fitted 
but an extra piece of apparatus can now be 
obtained to fit on the existing machine so that 
pure oxygen can be administered by operating a 
foot piece. 

The percentage of oxygen in nitrous oxide is 
controlled by an easily accessible knob on top 
of the machine (fig. 2). The pressure is controlled 
by another knob, also on top of the machine, with 
empirical numbers 0-7 marked against it. 

This machine appears to have two disadvan- 
tages. There is very little available space on top 
of the casing on which to lay anaesthetic acces- 
sories so that they can be easily to hand. There is 
only one reducing valve for nitrous oxide and 
one for oxygen; this necessitates turning off both 
cylinders to change an empty one. 

With each inspiration, there is a pronounced 
flick of the nitrous oxide pressure gauge pointer 
which gives an indication that the patient’s res- 
piratory efforts are not being increased by an 
obstructed airway. The machine appeared to be 
very economical in use. 


PERFORMANCE 


With its advanced design, this new machine is 
able to deliver much more accurate percentages 
of the gases than is possible with the standard 
types of machine now in use. It is not seriously 
affected by the depth of respiration, the delivery 
pressure, or any inequalities of pressures being 
delivered by the 60 lb./sq.in. regulators. 

These claims are borne out by the following 
tests. Mixtures delivered by three machines were 
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analyzed by means of a Rayleigh gas interference 
refractrometer (Edmondson, 1957). A mixture of 
nitrous oxide and oxygen in one tube of the 
apparatus causes a shift of one set of black lines 
and spectrum colours relative to another set pro- 
duced by pure nitrous oxide in the second tube. 
One of the glass plates which cause the refrac- 
tion in the machine is movable and is connected 
to a vernier scale. The black lines can be brought 
back into line by moving the glass plate. The 
amount of shift of the plate is then read off on 
the vernier scale. From this reading the actual 
percentage of oxygen in the mixture can be cal- 
culated. Corrections were made for barometric 
pressure and room temperature in order to obtain 
the refractometer constant. A zero reading was 
obtained by using nitrous oxide. 

In all the tests carried out, the dial setting on 
each machine was 10 per cent oxygen in nitrous 
oxide. 

Investigation 1. This was concerned with 
changes in oxygen percentage with changes in 
flow of gases. The flow from the machine was 
led through a rotometer before the mixture 
entered the refractometer. The results are shown 
in table I. From the figures in the last column, 
it can be seen what great variations can take place 
in the standard machines with change in flows 
compared with the A.E.1. 

Investigation 2. This was carried out on the 
A.E.1 only. The regulators were set to simulate 
the fall in pressure of nitrous oxide when the 














TABLE I 

ee Dial zi Actual 

Anaesthetic setting Flow (in % 
machine To 1./min) oxygen 

ss 00 8 24-0 

10 15 14-5 

10 20 20-0 

10 3 39-0 

‘$2 0 5 35-5 

10 6 51-5 

AEI 10 8 10-7 

10 15 11-0 

Regulators at 10 18 11-0 

O,-60lb./sq. in. 10 3 10-6 

10 2 10-6 

N.O-60lb./sq. in. 10 1 9-8 

10 } 9-5 
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TABLE II 
; Dial Actual 
Regulator setting setting Flow (in y 
(Ib./sq. in.) Yo 1./min) oxygen 
O, N,O re 
60 60 10 8 10-3 
60 20 10 8 11-2 
60 10 10 8 11-4 
60 6 10 8 11-3 


cylinder is almost empty. The flow rate was kept 
constant. The resultant mixtures are shown ip 
table II. These figures show that although one 
cylinder is almost empty, the calculated oxygen 
percentage has varied little from the dial setting. 


Investigation 3. This was carried out on all 
three machines. In this case a pump was intro 
duced into the circuit to simulate the respirations 
of a patient. Its stroke was varied to simulate 
changes in tidal volume of various patients, It was 
set at a rate to correspond with 16 respirations/ 
minute. The results obtained are shown in tabk 
III. These figures again bear out the constancy of 
the response of the new machine as compared 
with the others. 

These figures were calculated after many 
administrations with the standard machines, 
which are regularly serviced and after 700 admin- 
istrations with the A.E.1 machine. 


DISCUSSION 
It would seem that the figures shown in the tables 








































for machines $1 and S2 are a fair sample, asa 
similar pattern of gas analysis readings have been 
obtained on many other machines. 

It may be argued that the comparison of thes 
machines is biased in that one of them has had 
comparatively little use while the two which have 
produced poor results have given considerable 
service. It must be pointed out, however, that the 
standard machines are capable of maintaining 
their performance, up to their maximum possible 
efficiency, for many years, provided that they are 
regularly serviced, but they possess inherent de 
fects, which it is believed, have been overcome it 
the new machine. 

In A.E.1, the ports through which the gases aft 
introduced are of such a size that they could not 
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TABLE III 
Dial Pump 
Anaesthetic set to Pressure stroke Actual 
machine y 4 reading ml °% oxygen 
Sl 10 Low 300 14-7 
10 Low 600 9-5 
10 Low 900 8-2 
10 Central 900 11-1 
10 Central 600 13-7 
10 Central 300 19-3 
10 Central 100 18-0 
10 Maximum 300 18-0 
$2 10 4 300 19-0 
10 6 300 23-0 
10 10 300 34-0 
10 15 300 24-5 
10 4 600 28-5 
10 6 600 40-0 
10 10 600 19-4 
10 15 600 18-0 
10 4 900 21-0 
10 6 900 37-0 
10 10 900 37-0 
10 15 900 26-0 
A.E.1 10 0 100 11-7 
10 0 300 11-3 
10 0 600 11-4 
10 0 900 11-5 
900 11-3 


easily become occluded. There is no necessity for 
the use of grease which can so easily block a 
narrow slot as has been found on other tyres of 
machine. No rubber bags or tubing are used in 
the working parts of the machine. These points 
would lead one to suppose that the machine 
would maintain its performance for very long 
periods. Certainly after 700 administrations and 
rough handling during transport to various clinics, 
there was no noticeable fall-off in performance. 

In the past, nitrous oxide/oxygen anaesthesia 
for dentistry has often been associated with cer- 
tain degrees of hypoxia. Lately, attempts have 
been made to avoid this by the use of techniques 
employing higher percentages of oxygen through- 
out the administration, thus reducing the: likeli- 
hood of harmful hypoxia. Such techniques are 
those described by Tom (1959) and Mostert 
(1958). These techniques depend for their success 
on machines which deliver accurately the gas 
mixtures required. That these techniques have 
not been widely accepted and have given disap- 
pointing results in some hands is perhaps due 








to the unsuitability and variability of some 
machines employed. 

Lest it be thought that all difficulties in nitrous 
oxide/oxygen anaesthesia can be avoided by using 
a machine capable of delivering really accurate 
flows, it must be remembered that great differ- 
ences are found in the response of various patients 
to nitrous oxide; some being quite resistant to its 
use. This has been especially well demonstrated by 
Rosen (1959), who showed that even with nitrous 
oxide and oxygen stabilized at 73 and 17 per 
cent respectively, a patient can still be conscious, 
even although analgesic. These, however, are not 
conditions under which dental extractions can be 
undertaken, so, even with the best machine and 
the highest skill, nitrous oxide and oxygen alone 
cannot provide suitable operating conditions for 
these cases and some adjuvant must be provided 
in these more resistant cases. 


SUMMARY 


The necessity for a dental anaesthetic machine 
which will deliver more accurate flows than those 
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which have been used up to the present is dis- 
cussed. 

The performance of the A.E.1 machine is com- 
pared with others which have been in use up to 
the present time. 

The mechanics of two standard dental anaes- 
thetic machines and of the new A.E.1 machine 
are described. 

Tables are given showing the results of the gas 
analysis using a gas interference refractometer. 

The findings are analyzed and these points 
correlated with those of other workers in the same 
field. 
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BOOK REVIEWS 


Cardiac Arrest and Resuscitation. By Hugh E. 
Stevenson, jr., M.D. Published by C. V. 
Mosby Company, St. Louis, 1958; distri- 
buted in Great Britain by Henry Kimpton, 
London. Pp. 378; 3¢ illustrations. Price 90s. 


The size and scope of this massive work complete 
with no less than 52 pages of references, goes a 
long way towards concealing the fundamental 
limitations of our knowledge on the subject. 

The author is certainly to be congratulated on 
his work in establishing the Cardiac Arrest 
Registry at the University of Missouri, which has 
collected details of more than 1,700 cases from 
all over the world. He has made a thorough study 
of the management of cardiac arrest and the parts 
of the book dealing with this are excellent. All 
the essential steps that should be taken are ade- 
quately described as well as many additional 
measures which might be incorporated into a 
basic routine. There is much valuable informa- 
tion in these chapters. 

However, the mobile resuscitation unit that he 
describes has that final luxury touch unlikely to 
be realized in this country, which is probably 
just as well, since such a mass of equipment would 
certainly lead to confusion in inexperienced 
hands. Just as good results can be obtained by 
the prompt and efficient use of a much simpler 
outfit. The importance of avoiding delay in reach- 
ing a diagnosis is rightly stressed, but it is a 
pity that a small oversight has lead to the alarm- 
ing remark that capillary refill is not observed 
till 20 to 30 minutes after the heart has stopped. 

The chapter on postresuscitative care deals 
thoroughly with the cardiac arrhythmias occur- 
ting at this stage but is very sketchy in other 
respects. Maintenance of electrolyte balance and 
management of chest complications are dismissed 
most lightheartedly and hypothermia is not even 
mentioned. 

It is, however, the long and tedious chapter 
om the aetiology of cardiac arrest that invites 
Most criticism. Here the author fails to dis- 
tinguish between causation as such and factors 
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whose association with cardiac arrest may or may 
not be fortuitous. These latter include almost all 
surgical and diagnostic procedures in patients 
with various combinations of co-existent path- 
alogy. A more logical arrangement and much 
abbreviation here would enhance readability 
without loss of any important material. The fact 
of the matter is that in the majority of cases, the 
cause of cardiac arrest during surgery is not 
known, as is borne out by the paucity of advice 
contained in the chapter on prevention. The 
generous use of atropine and local anaesthesia 
of the larynx are really the only practical measures 
advocated. The most revealing statement concern- 
ing aetiology is that cardiac arrest is associated as 
frequently with good risk cases as with poor risk 
cases. The suggestion that the former were given 
less meticulous care and attention deserves 
thought. Little is said about postmortem findings 
in such cases, perhaps because little of value is 
known. The author might be criticized in the 
matter of failure to define at the outset what 
exactly he includes in the term “cardiac arrest”. 
He mentions at one point “sudden and unexpected 
failure of the cardiac conductive mechanism”. At 
another “sudden failure of the propulsive force 
of the heart”. At other times he seems to be in- 
cluding in more general terms deaths associated 
with anaesthesia. A bigger group still must be 
under consideration, surely, when he states that 
one case of cardiac arrest occurs in Los Angeles 
daily. This is followed by an almost hysterical 
comment to the effect that “sudden cardiac arrest 
constitutes one of the chief hazards of surgery 
today.” 

Cardiac arrest and its treatment has attracted 
much attention recently on account of the 
potential reversibility of the disaster. A sense 
of proportion, however, must be maintained as 
far as anaesthesia is concerned and what is needed 
is further work to elucidate the causes and thus 
reduce the incidence of what, in the strictest 
definition, is happily still a rare occurrence. 


Elizabeth S. N. Fenton 
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A Synopsis of Anaesthesia. By J. Alfred Lee. 
Published by Wright, Bristol. pp. 616; illus- 
trated. Price 27s. 6d. 


Indicative of the broad field covered by this 
“synopsis” is the fact that it has been found neces- 
sary to increase the number of pages from the 483 
of the previous edition to 616. In the first edition 
of 1947 there were only 254. It is a compendium 
of knowledge—basic enough for the beginner, but 
known to have been seen under the chair of more 
than one examiner. 

In the latest edition there are comparatively new 
chapters on hypothermia and the phenothiazine 
derivatives; new sections appear on the fluorine 
compounds, halothane, trifluoro-ethyl-vinyl ether, 
amiphenazole, bemigride, vantitic acid di-ethyl- 
amide (Vandid), trophenium, edrophonium and 
pyridostigmine. 

These are new sections, but in fact the author is 
justified to claim in his preface that “there have 
been alterations and advances involving almost 
every page”. It is curious to find that six pages 
are still devoted to “stages of anaesthesia”. Every 
author of a comprehensive volume of anaesthesia 
must have difficulty in deciding which illustrations 
to include and which to omit. This new volume 
maintains the traditional appearance by still in- 
cluding pictures of a Schimmelbusch mask, 
Bellamy Gardner’s dropper, Phillip’s pharyngeal 
airway and a Freedman Trilene inhaler. A feature 
of this book which has always intrigued this 
reviewer is the odd mixture of glossy and matt 
paper used in its make-up. One is really left full 
of admiration for the tremendous energy of the 
author, and of gratitude to him for producing such 
a valuable and handy work. 

T. Cecil Gray 


Lokalanasthesie und Lokalanasthetika. Edited by 
Professor Hans Killian. Published by Georg 
Thieme Verlag, Stuttgart. Pp. xix + 770; 
illustrated. Price DM 154. 


Not since Braun published his now classic text- 
book on Local Anaesthesia in 1905 has there 
appeared in the German language such an import- 
ant book as the present one on the same subject. 
Like its companion volume Die Narkose, which 
was also edited by Professor Killian and which 
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appeared a few years ago, the present one trey 
its subject with an impressive completeness tha; 
again a credit to its editor and his expert te 
There can hardly be any aspect or detail of log 
anaesthesia—chemical, pharmacological, technigi 
clinical, physiological—which has been omitted; 
a reference book it will surely be supreme fy 
many years to come. The illustrations are plentify 
clear and helpful, though their quality is x 
always up to the high standard expected ; 
present-day medical literature. An expert knoy 
ledge of German is needed to appreciate this bod 
fully, and the reviewer unfortunately cannot ther 
fore claim to have tasted its delights more thy 
superficially. However, even those with little ory 
knowledge of German will be sure to gain som. 
thing from turning over its pages. At the yer 
least, every medical reference library should ha 
a copy of this book on its shelves. Strongly bouni 
and attractively printed, the price must not 
considered as too high for a volume of this sz 
and importance. 

W. W. Mushin 


Principles and Practice of Obstetric Anaesthesi 
By J. Selwyn Crawford, M.B., Ch.B., DA 
F.F.A.R.C.S., Anaesthesia Service, The Pre 
byterian Hospital, New York. Late Senix 
Registrar and Chief Assistant, Departmen 
of Anaesthesia, Central Middlesex Hospitd 
London. Published by Blackwell Scientift 
Publications, Oxford. Pp. 128. Price 20s. 


The practice of obstetric analgesia and ana 
thesia requires a great deal more than a bax 
knowledge of anaesthetic technique in th 
operating theatre if it is to be fully success 
for both mother and child. In few branches d 
anaesthesia are the risks so great, and there aa 
be no substitute for that experience which is # 
tained by constant attendance in the labour ward 
Dr. Crawford very obviously writes from # 
extensive background of practice and his approad 
to the theoretical aspects of the subject has already 
been demonstrated by his previously publish 
work on the use of thiopentone in obstetrics. 
this book he has devoted himself primarily to# 
assessment of analgesic and anaesthetic methods 
and he has achieved this by the aid of an object 
résumé of maternal and foetal physiology wit 
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some description of pathological conditions when 
necessary. He has also presented—in part statis- 
tical and in part opinionated—a commentary on 
the obstetrical anaesthetic services in this country 
which certainly gives much food for thought, even 
though one cannot always agree with Dr. Craw- 
ford’s views. 

It is, however, by the yardstick of the scientific 
and clinical sections that the work will be largely 
judged. In his presentation of scientific data in 
relation to both mother and child Dr. Crawford 
has succeeded in combining lucidity with accu- 
racy, and has produced chapters on the placenta 
and on the child which will not only bring the 
reader up to date on placental transmission and 
neonatal physiology and pathology, but will also 
simulate his further interest. Similarly, the 
chapter on analgesia is refreshing for its modern 
outlook, and contains a useful practical scheme 
for the management of pain relief in labour. 

The chapters on anaesthesia are less successful 
and many readers will be frankly surprised at 
some of the techniques recommended. Dr. Craw- 
ford has striven to be objective, wisely noting 
that an experienced anaesthetist is more important 
than the agent or method, but one notes in his 
advocacy of 10-15 mg of d-tubocurarine intra- 
venously just before the skin incision for an 
emergency Caesarean section under thiopentone- 
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inhalational anaesthesia (no mention of the risk of 
vomiting or regurgitation) less of a sense of pro- 
portion than hitherto. Similarly, how many anaes- 
thetists would care to administer intravenous 
thiopentone—with the patient tilted head-up to 
decrease the chance of silent regurgitation from 
the oesophagus—to cover an inadequate pudendal 
nerve block for outlet forceps delivery, followed, 
only at the request of the obstetrician, by ether? 
The fact that this statement is followed by a 
recommendation that suxamethonium—drawn up 
in a syringe—and all the implements of intu- 
bation must be ready for instant use should 
laryngeal spasm or vomiting occur, is poor com- 
fort. 

Despite these criticisms, no one with the well- 
being of obstetric anaesthesia at heart can afford 
not to read this book. It contains a wealth of useful 
information, and is above all stimulating in its 
approach. Dr. Crawford deserves considerable 
credit for his work, and for his refreshing ability 
to remind us that much still remains to be in- 
vestigated in this backward branch of anaesthetic 
practice. The publishers, too, are to be com- 
mended for producing the book at what is, by 
present standards, a reasonable price—helped 
though they have undoubtedly been by the fact 
that there are only two illustrations in it. 

W. D. Wylie 





CORRESPONDENCE 


GENERAL ANAESTHESIA FOR OPERATIVE 
OBSTETRICS 


Sir,—While wishing to congratulate Dr. Hamer 
Hodges and his co-workers on their excellent 
paper on General Anaesthesia for Operative 
Obstetrics (British Journal of Anaesthesia (1959), 
31, 152) we would like to point out that their 
series differs from ours (Medical Proceedings 
(1958), 4, 306) in several respects. 

(1) In Dr. Hamer Hodges’ series, the incidence 
of foetal distress in patients undergoing Caesarean 
section was 36 per cent, compared with our 61 
per cent. 

(2) In our series 96.6 per cent were emergency 
operations. No mention is made in their article of 
the incidence of emergency and selective Caesar- 
ean sections. 

(3) In the series described by Dr. Hamer 
Hodges the anaesthetics were administered by 
“selected anaesthetic staff with particular interest 
and training in obstetric requirements”. In our 


cases the anaesthetist was one of twenty 
some very junior registrars with little experieng 
of this type of anaesthesia. 

(4) In our series the time from delivery to the 
first cry was 4.5 minutes. This is compared with ¥ 
the mean breathing time of 1.5 minutes in Dy § 
Hamer Hodges’ series. Had we also taken mea 
breathing time our figures would have beg 
lower. 

However, in view of Dr. Hamer Hodges’ fa 
able results with thiopentone, gas, oxygen, sump 
methonium we have decided to use this methaly 
in a further series of Caesarean sections with® 
high incidence of foetal distress, which will 
strictly comparable with our previous series. 7 

5. R. DUFFIE! iA 
H. GINSBERG 
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